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e ve been listening... 


.. and now we are ready to talk about the 
enefits of the Shiley 100A oxygenator. 


philey was the first to give you a single piece heat 
xchanger coil that eliminated the possibility of water- 
o-blood leaks: We are pleased to announce another first: 
he Shiley 100A with anodized aluminum heat exchanger. 
avorable clinical evaluations have shown that our 
nodized coil heat exchanger consistently maintains 
atients in stages of hypothermia and normothermia 

ore efficiently than other alternatives. 


nodized aluminum is a superior conductor of heat and is 
nly 20% as thick as the polyurethane coating. Both of 
ese changes combined, produce a significant improve- 
ent in heat exchanger efficiency. Shiley’s 100A in-vitro 
tudies and clinical usage have exhibited as much as 
0% improved heat exchange efficiency for both cooling 
nd rewarming times. 


addition, these studies have shown excellent blood 
ompatibility and have indicated the anodized aluminum 
o be evẹn less thrombogenic than the plastic coating. 


he new anodized coil is pressure tested to 120 psi and 
as a maximum water inlet pressure recommendation of 
0 psi. 

he Shiley 100A oxygenator, like the S-100, continues to 
provide the most consistent and efficient gas transfer. 


eare still listening... 


E mH a | Shiley Sales Corp. 
> = 17600 Gillette Avenue 
| 1 Irvine, California 92714 
2 (714) 979-0504 
Cable: SHILEYSLS IRIN 
integral member of the open heartteam Telex: 68-5585 
Mailing Address: 
P.O. Box 11707 
Santa Ana, California 92711 
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a really well-illustrated book written by experienced surgeons can be A current subscription 
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SURGICAL TECHNIQUES ILLUSTRATED provides an unmatched Hunt, Edis, Harrison, van Heerden, Raker, and Richard; 
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leading international surgeons. A typical issue shows two operations 2 lleostomy/ Right Upper Lobectomy 
each performed by several different surgeons. (See the complete (Ferguson, Hawley, Warshaw, Beahrs, Humphrey, Pearson, 
listing below and opposite of topics covered to date.) Step-by-step andocare 
illustrations and an accompanying commentary, in the surgeon’s own 3 Amputations for Vascular Disease 
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subscribe — 
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pacer problem: 
lead dislodgement 


permanent solution: 
CORATOMIC ENDO-LOC 


The slender profile of the L-40 
makes lead placement easier and 
exact. 


The remote actuator allows you 
to lock the lead when you're 
ready, adjust if necessary, and 
eliminates lead tip movement. 


For further information about 
this breakthrough in the field-of 
cardiac pacing, write: Marketing 
Services, Coratomic, Ine, P. O. 
Box 434, Indiana, PA 15701. 


When you choose to use the -40 | 
with one of our biocompatibly 
superior lithium or isotopic” 
pacemakers, you will have 
selected the finest pacing al 
available today. 


Coratomic. 
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' pack can be no more reliable 
than its tubing. 


Since the first by-pass procedure, Tygon 
surgical tubing has been the most widely 
chosen and trusted tubing to serve as the 
vital link between patient and pump. 


Tygon tubing has earned world-wide recogni- 
tion for undeviating adherence to excellence. 
Our rigid manufacturing standards, strict 
quality control and extensive testing and 
documentation nave made Tygon tubing 
synonymous with good surgical procedure. 


Tygon tubing...assurance worth asking for. 


The dependability and assurance that Tygon 
tubing brings to your extra-corporeal proce- 
dures is available whether you use custom- 
made packs or prepare your own. Ask your 
supplier to include it throughout your sys- 
tem. For further information, call us toll-free 
800-321-9634 (Ohio call collect 216-633-3224). 


37-060 


| NORTON PLASTICS AND SYNTHETICS DIVISION 


PO. BOX 350 AKRON. OHIO 44309 FEL: (2/6) 633-3224 
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Youve already earned 
your patient's confidence. 





Wed like to earn yours. 
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Your confidence in Intermedics is 
as important to us as your patient's 
confidence is to you. That's why 
we want you to know about the 
InterLith™, chosen around the 
world as one of the most reliable 
pacemakers available. 
Intermedics supports the out- 
standing reliability of the InterLith, 
and will allow a replacement 
on model 223 generators * which 
fail for any reason during the life- 
time of the original user. 


Extensive use has confirmed the 
outstanding performance and re- 
liability of the InterLith. In addition 
to its proven reliability, the InterLith 
has significant features which 
make it an especially fine choice 
asa replacement pacemaker, one 
deserving of your confidence. 
Confidence begins with 
extraordinary design features. 
Atungsten inert gas (TIG) welding 
technique is used to hermetically 
seal the InterLith in a 316L stain- 
less steel enclosure that prevents 
moisture leakage. A specially de- 
signed polycrystalline ceramic 
feedthrough seal, utilizing a 
99.9996 pure platinum conductor, 
makes the electrical connection to 
the pulse generator. The high col- 
lar design of the feedthrough 
minimizes fluid leakage in the 
harsh environment of the human 
body. 

In addition, the InterLith is one of 
the smallest, lightest pacemakers 
on the market. Its corners are gently 
rounded, much as the contours of 
the patient's own body, minimizing 
the risk of pressure necrosis. The 
unipolar model weighs only 75 
grams and measures 6.0 cm by 4.6 
cm by 1.5 cm, enabling a smaller 
incision and a more cosmetic 
pocket for greatest patient comfort. 


"The patient lifetime replacement agreement is lim- 
ited to the standard model 223 pulse generator 
and does not include the 223-02 (High-Output) 
pulse generator . Consult the physician's handbook 
for these “special” pacemakers for their specific 
patient replacement agreements. 


Confidence increases with 
superior performance. 
Sophisticated state-of-the-art 
technology in pacemaker elec- 
tronics gives the InterLith an out- 
Standing theoretical longevity in ex- 
cess of 14 years. The InterLith's 
overall failure rate of less than 0.003 
is attributable to the outstanding 
longevity of its lithium-iodide 
power cell, a battery without a 
single failure reported in 150,000 
battery units manufactured. The 
power source, combined with the 
proven reliability of CMOS circuitry 
provides superior performance at 
the lowest possible power 
consumption. 

Quality control ensures 
confidence. 

Every component utilized in the 
InterLith is selected and tested to 
meet the same standards as in the 
most exacting aerospace and miili- 
tary applications. Every step of the 
manufacturing process at Inter- 
medics is subject to rigid quality 
assurance procedures in our 
complete environmental testing 
laboratory, because at Inter- 
medics we believe only the high- 
est quality products can merit your 
confidence. Some of the high re- 
liability screening steps that our 
pacemakers receive in manufac- 
turing are: 

1. Twenty-four hour dynamic 
temperature cycling from —30° to 
+ 80°C. 

2. Vibration testing at .1" dis- 
placement and 10 g's from 20 HZ 
to 2 KHZ. 

3. Stripchartrate recording-from 
room temperature to 60?C. 

4. Hermetic seal testing to 4 x 
1078 atm. cc/sec. 
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The InterLith has been designed 
and built to merit your confidence. 


So, the next time one of your pa- 
tients requires pacing therapy why 
not select the InterLith. Where relia- 
bility counts, there’s no better 
choice. 


+ Intermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 


Our business is life. 


INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac 

pulse generators may be indicated for long-term treat- 
ment of impulse formation and conduction disorders 
resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to 
drug therapy. 


PRECAUTIONS Implanted pacemakers have a fi- 
nite and relatively widely variable service life as a re- 
sult of factors such as the initial capacity of the bat- 
tery and the shelf storage time of the manufactured 
pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the Per of time 
the implanted pacemaker is inhibited; and random 
electronic component failures. 

Pacemaker operation can be influenced by elec- 
tric, magnetic, or electromagnetic energy mimicking 
normal cardiac activity. In addition, certain environ- 
mental sources can couple sufficient energy into a 
pacemaker system to damage the pulse generator. 
Specifically, diathermy should not be used on 
pacemaker patients because of possible total inhibi- 
tion of the pulse generator; electrocautery can inhibit 
and/or damage the pacemaker as well as cause 
burns or possible ventricular fibrillation; defibrillation 
can damage the pacemaker, and the presence of 
the pacemaker may cause increased cardiac mus- 
cle damage from defibrillation. Certain electrical and 
gasoline-powered appliances can cause inhibition 
of an implanted cardiac pacemaker system. 

For complete precautions, see the Physician's 
Manual for the Intermedics cardiac pulse generator 
to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the use of 
pacemakers as a medical method for control of heart 
rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have been 





InterLith is a trademark 
of Intermedics, Inc., Freeport, Texas. 


©1978 Intermedics, Inc., Freeport, Texas 77541 








The Datascope System 8O. 


It not only does a better job of 


alloon 


pumpin 





it does what no ot er Balloon 


pump Can 






System 80 
Intra-Aortic 
Balloon 
Pump 













Heart- 
Lung 
Machine 


The new PAD or an Intra-Aortic Balloon can be used 
with the System 80. 

The Datascope System 80 begins with 
better idea: a better balloon. It offers the 
ily dual-chamber balloon* available in 
loon pumping. Our dual-chamber bal- 
on produces unidirectional blood flow 
hich creates 66 to 100% more coronary 






do. 


The PAD Pulsatile Assist Device in use during open 
heart surgery. 


blood flow than conventional single- 
chamber balloons. 

But the System 80 doesn't just offer a ' 
better balloon, it offers a safer balloon. It - 
was the first system to use CO» instead of 
helium. And it continues to do so. (Helium 


can compromise the safety of a system. the need of an intra-aortic balloon and th 


CO» cannot.) additional surgery required. 
The System 80 is a completely closed PAD converts the continuous flow of 
.. System. Our intra-aortic balloon connects the roller pump to pulsatile flow that can 
to a slave balloon housed in a special be synchronized with the heartbeat, or 
safety chamber. So the maximum amount provides counterpulsation both before an 
of gas that can enter the intra-aortic bal- after cardiopulmonary bypass: 
loon is absolutely controlled. Clinical use of PAD has demonstrate: 
The System 80 is triggered by either a marked increase in urinary output and 
ECG or by a pressure waveform. So it coronary graft blood flow** And it has 
can operate without interference from shown a marked decrease in the peri- 
electrosurgery. operative myocardial infarction rate? 
The System 80 is highly mobile. In All in all, the System 80 gives you a 
fact, it is just about half the weight of other unique choice: a balloon pump that does . 
systems. And it will run 4 hours or more better job pumping, or the world's first 
. on batteries. Which is at least 4 times as Pulsatile Assist System. 
long as other systems. For more information on the System 
Yet with all these advantages, the 80 or on the revolutionary PAD write 
System 80 costs about 25% less than other or call: 
systems. Datascope Corp., Box 5-B, Paramus 


And the System 80 offers something N.J. 07652. (201) 265-8800. Or, 
that no other balloon pump offers at any Datascope B.V., Kyftenbeltlaan 6, 
price. It is the only balloon pump in the Hoevelaken, Holland. Tel. 03495-4514. 


world that lets you use the PAD® Pulsatile 
Sites Deri. The Datascope System 8¢ 
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Standard suction catheters damage tracheo- 
bronchial mucosa. As illustrated on this page 
the Argyle Aero-Flo Tip Suction Catheter 
minimizes tissue grab and resultant damage. 
The aerodynamically designed tip prevents the 
side eyes from contacting wall of airway to 
assure efficient aspiration with minimal 

tissue damage. 


Unretouched section of film 
shown in artist’s rendering. 
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BRUNSWICK COMPANY 


St. Louis, MO 63103 





- fero-Flo Tip---the suction 


; Catheter proven to 
minimize tissue grab. 


Air is drawn into the catheter through the end hole and around the integral 
ring into the side eyes. This pattern creates an air cushion which tends to 
center the catheter in the airway and minimizes invagination of tissue. The 
ring is a physical barrier that holds the eyes away from delicate mucosa. 
If bronchial bifurcation is contacted, the four side eyes vent the end hole 
and reduce tip suction to safe levels. 


ACTUAL PHOTO COMPARISONS OF THE PERFORMANCE OF 
x LEADING SUCTION CATHETERS AFTER SIX HOURS OF CONTROLLED SUCTION 


Bard Parker Reg-U-Vac® Argyle Aero-Flo* 


technique. Dogs on which suction was per- 
formed with standard catheters suffered 





National Catheter 
Gentle-Flo* 
Unretouched photographs taken during a 
controlled study comparing the effects of 


Pharmaseal Tri-Flo* 


suction catheters on the mucosa of mongrel 
dogs with tracheobronchitis show marked 
differences in gross appearance. Suctioning 
was performed at vacuum levels of 100 and 
180mm of Hg using interrupted suctioning 


scattered lesions ranging from edema and 
hyperemia through mucosal ulceration and 
hemorrhage. Gross examination failed to re- 
veal damage with the Argyle Aero-Flo Tip 
Suction Catheter. 


(A) (B) (C) 





In a separate stucy — tracheobronchial mucosae sectioned and stained 
with hematoxylin and eosin after six hours of controlled suction show 
effects of various suction catheters on tissues. Standard 14 Fr. end 
hole-side eye suction catheter sections (A) and (B) reveal tissue damage. 
The 14 Fr. Argyle Aero-Flo Tip Suction Catheter section (C) shows normal 
mucosal and submucosal layers* The tissue trauma means extra days 
in the hospital to the patient, more care and concern to the nurse. 


*Sackner, M. A., et al: Pathogenesis and prevention of tracheobronchial damage with 
suction procedures, Chest 64: 284-290, September 1973. 


SEE THIS IMPORTANT FILM 


Actual movies taken during this study present vital professional in- 
formation you need. See how to minimize tissue trauma and its possi- 
ble complications during tracheobronchial suctioning. See your Argyle 
Representative, write or call Dept. A.K. 314/621-7788 TODAY FOR 
FREE SHOWING. 
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The open chest. — 


other opening 
for staph? 


ostoperative surgical infections is ąparticularly suitable agent. 

alve replacement: a procedure that can at Appropriate specimens for bacteriologic 

nce sustain life and predispose to infection. studies to determine the causative organisms 
Ithough identification of the infectious and their susceptibility to nafcillin should be 

rganism may be difficult, a delay in treatment taken prior to the first dose of antibiotic.t And, if 

ould result in invasion of the endocardium. those studies subsequently implicate organisms other 
he implicated organism may be a penicillinase- than penicillinase-producing staphylococci sensitive 


roducing staph. Progression can be swift to rafcillin, discontinue it and administer the appro- 
nd devastating. priste antibiotic. 


itial antistaph therapy: injection 

's vitally important that effective treatment of Rapid penetration 

acterial invasion begin as soon as possible. Unipen appears rapidly in plasma following 

you suspect the presence of staph and must intramuscular administration. Penetrates body tissues 
egin therapy before definitive culture results in high concentrations and diffuses well into pleural, 
re known, Injection Unipen" (nafcillin sodium) * pericardial and synovial fluids. 





"On call" capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours.+ 


‘Follow-up therapy: oral 
Jnipen (nafcillin sodium) is available in tablets, 
capsules, and oral solution as well as the parenteral 
form. The injectable form should be used initially 
in severe infections. And as soon as the clinical 
condition warrants, oral forms of Unipen allow you 
to continue antistaph therapy with the same anti- 
biotic in a form more convenient to patients. 
*Nafcillin-susceptible penicillinase-producing staphylococci. 
t See Important Note on next page. 


{See important information under Parenteral Administra- 
tion on next page. 


INJECTION AND ORAL 


UNIPEN 


(nafcillin sodium 


as the monohydrate, buffered, Wyeth 


Wyeth Laboratories 


| | | Philadelphia, Pa. 19101 
| See important information on next page. è 





Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE BUFFERED. WYETH 





Disc Susceptibility Tests: Quantitative methods that require mea- 
surement of zone diameters give the most precise estimates of anti- 
biotic susceptibility. One such procedure* has been recommended 
for use with discs for testing susceptibility to penicillinase-resistant 
penicillin-class antibiotics. Interpretations correlate diameters on the 
disc test with MIC values for penicillinase-resistant penicillins. With 
this procedure, a report from the laboratory of “susceptible” indi- 
cates that the infecting organism is likely to respond to therapy. A 
report of “resistant” indicates that the infecting organism is not 
likely to respond to therapy. A report of “intermediate susceptibil- 
ity" suggests that the organism would be susceptible if high dosage 
is used, or if the infection is confined to tissues and fluids (e.g., 
urine) in which high antibiotic levels are attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by 
a Standardized Single-Discs Method, Am. J. Clin. Pathol., 45:493, 1966; Stan- 
dardized Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase- producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the peni- 
cillinase-resistant penicillins should not be relied on for initial therapy. 


Important Note: When it is judged necessary that treatment be ini- 
tiated before definitive culture and sensitivity results are known, the 
choice of Unipen should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteriology 
report later indicates the infection is due to an organism other than a 
penicillin G-resistant staphylococcus sensitive to Unipen, the physi- 
cian is advised to continue therapy with a drug other than Unipen cr 
any other penicillinase-resistant semisynthetic penicillin. 

Recent studies have reported that the percentage of staphylococ- 
cal isolates resistant to penicillin G outside the hospital is increas- 
ing, approximating the high percentage of resistant staphylococcal 
isolates found in the hospital. For this reason, it is recommended 
that a penicillinase-resistant penicillin be used as initial therapy for 
any suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar to 
that of Unipen against penicillin G-resistant staphylococci. Strains of 
staphylococci resistant to methicillin have existed in nature and it is 
known that the number of these strains reported has been increasing. 
Such strains of staphylococci have been capable of producing serious 
disease, in some instances resulting in fatality. Because of this there is 
concern that widespread use of the penicillinase-resistant penicillins 
may result in the appearance of an increasing number of staphylococ- 
cal strains which are resistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all other 
penicillinase-resistant penicillins (cross-resistance with cephalosporin 
derivatives also occurs frequently). Resistance to any penicillinase- 
resistant penicillin should be interpreted as evidence of clinical resist- 
ance to all, in spite of the fact that minor variations in in vitro 
sensitivity may be encountered when more than one penicillinase- 
resistant penicillin is tested against the same strain of staphylococcus. 


Contraindications: A history of allergic reaction to any of the penicil- 
lins is a contraindication. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphylac- 
toid) reactions have been reported in patients on penicillin therapy. 
Although anaphylaxis is more frequent following parenteral therapy 
it has occurred in patients on oral penicillins. These reactions are 
more apt to occur in individuals with a history of sensitivity to mul- 
tiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersensi- 
tivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of Unipen (nafcillin sodium) ther- 
apy considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 


Precautions: As with any potent drug, periodic assessment of organ- 
system function, including renal, hepatic and hematopoietic, should 
be made during prolonged therapy. 


The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant orga- 
nisms cccurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safe-y for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possibility of thrombophlebitis. 


Adverse Reactions: Reactions to Unipen have been infrequent and 
mild in nature. As with other penicillins, the possibility of an 
anaphylactic reaction or serum-sicknesslike reactions should be con- 
sidered. A careful history should be taken. Patients with histories of 
hay fever, asthma, urticaria, or previous sensitivity to penicillin are 
more likely to react adversely. 

Transient leukopenia, neutropenia with evidence of gran- 
ulocytopenia or thrombocytopenia are infrequent and usually associ- 
ated wth prolonged therapy with high doses of penicillin. These 
alterations have been noted to return to normal after cessation of 
therapy. 

The few reactions associated with the intramuscular use of Unipen 
have been skin rash, pruritus, and possible drug fever. As with other 
penicillins, reactions from oral use of the drug have included nau- 
sea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration: |t is recommended that parenteral ther- 
apy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical con- 
dition warrants. Very severe infections may require very high doses. 


Intravenous Route: The required amount of drug should be di- 
luted in 15 to 30 ml of Sterile Water for Injection, U.S.P., or Sodium 
Chloride Injection, U.S.P., and injected over a 5- to 10-minute pe- 
riod. Tris may be accomplished through the tubing of an intra- 
venous infusion if desirable. 

Stability studies on Unipen at concentrations of 2 mg/ml to 40 
mg/ml in the following intravenous solutions indicate the drug will 
lose less than 10% activity at room temperature (70?F.) or, if kept 
under refrigeration, during the time period stipulated: 


Stability at Room 
Temperature Refrigerated 

Sterile Water for Injection 24 hours 96 hours 
Isotonic sodium chloride 24 hours 96 hours 
5% dextrose in water 24 hours 96 hours 
5% dextrose in 0.4% sodium 

chloride solution 24 hours 96 hours 
Ringer's solution 24 hours 96 hours 
M/6 sodium lactate solution 24 hours 96 hours 


Discerd any unused portions of intravenous solutions after 24 
hours if kept at room temperature or after 96 hours if kept under 
refrigeration. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen. The concentration of the antibiotic 
should fall within the range of 2 to 40 mg/ml. The drug concentrate 
and the rate and volume of the infusion should be adjusted so that 
the totel dose of Unipen (nafcillin sodium) is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent 
in neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. After 
reconstitution, keep refrigerated (2°-8° C.) and use within 7 days 
or keep at room temperature (25° C.) and use within 3 days. 


Oral Administration: Beta-hemolytic streptococcal infections should 
be treated for at least 10 days to prevent development of acute 
rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg, 
] gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively 2, 4 or 8 ml of nafcillin sodium solution equivalent 
per ml to 250 mg nafcillin buffered with 10 mg sodium citrate. Film- 
coated TABLETS—containing nafcillin sodium as the monohydrate, 
equivalent to 500 mg nafcillin buffered with calcium carbonate. 
CAPSULES—containing nafcillin sodium, as the monohydrate, 
equivalent to 250 mg nafcillin buffered with calcium carbonate. FOR 
ORAL SOLUTION Bottle of dry nafcillin sodium as monohydrate— 
powder for reconstitution to provide 100 ml of solution containing 
nafcillin sodium equivalent to 250 mg nafcillin per 5 ml. 

WYETH LABORATORIES, PHILADELPHIA, PA. 
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“for the Travenol TMO Membrane Oxygenator 


Since the introduction of the Travenol TMO Membrane Oxyge- 
nator, surgeons have devoted significant effort to clinical 
evaluations of this gas exchange device used during cardio- 
Apulmonary bypass. Independent teams led by Berry and 
DeBakey reported that the TMO oxygenator produced less 
trauma to the blood than bubble oxygenators!2 Solis 
credited it with better maintenance of platelet function3 
According to the experience of Heimbecker et al, the unit 
contributed to lower levels of plasma hemoglobin during 
bypass and higher platelet survival rates. He also reported 
reductions in postoperative bleeding (chest drainage) and 
the need for banked blood^ Of major significance is the 
evidence submitted by Liddicoat et al verifying that the TMO 
oxygenator provided superior performance during cardio- 
pulmonary bypass when compared to bubble oxygenators5 

The Travenol TMO Membrane Oxygenator provides 


ferences 
Berry, W.B., Davis, L., and Daniell, M.B. Clinical trial with a disposable membrane 
enator. From the Division of Cardiovascular and Thoracic Surgery, Memorial 
—Hospital, Chattanooga, Tennessee. (Unpublished data—reprint of study available ) 
2. Beall. A.C., Jr., Solis, R.T., Kakvan, M.. Morris, G.C., Jr, Noon, G.P., and DeBakey, M.E 
inical experience with the Teflo disposable membrane oxygenator. Ann. Thorac 


E Surg., Vol. 21, No. 2, February 1976. 3. Solis, R.T., Kennedy, P.S., Beall A.C., Jr. Noon 


GP., and DeBakey, M.E. Cardiopulmonary bypass— microembolization and platelet 


these advantagesatcosts comparable to bubble oxygenator: 
In addition, gas transfer across the membrane eliminate: 
oxygenator-created microbubbles. This method of gas ex 
change within the TMO Membrane Oxygenator more closel 
resembles that of the normal human lung and will permi 
independent control of oxygen and carbon dioxide transfei 
The oxygenator is designed to operate at blood flow rate 
up to 6 liters per minute and, under standard test conditions 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and thos 
others listed pertaining to the TMO Membrane Oxygenato 
are available upon request from your Travenol Cardiopul 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator. 


aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker, R.O., McKenzie. F.N 
Wall, W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodless open heart surgery —tht« 
blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstract o 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E., Bekassy 
S.M., Beall, A.C., Jr. Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygenator 
clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 

Additional references on page 4 








DEERFIELD, ILLINOIS. US.A. 60015 


ARTIFICIAL ORGANS DIVISION 
TRAVENOL LABORATORIES. INC. 


the Travenol TMO 
Membrane Oxygenator.. 


erformance you can count on 


0 HEMOLYSIS 





10 

O 

0 

0 

0 
Bubble TMO 
Oxygenator Membrane 
w/o filter Oxygenator 

w/o filter 


Source: Graph constructed from data 
presented in reference No. 4. 


No. of cases — TMO Oxygenator 65 
Bubble Oxygenator 70 


Bubble oxygenator w/filter — peak hemolysis 200 mg % 


100 PLATELET ACTIVITY 


75 


50 





Bubble TMO Bubble TMO 
Oxygenator Oxygenator Oxygenator Oxygenator 
w/o filter w/o filter w/0 filter w/o filter 


ADP Concentration 
02 um 


ADP Concentration 
2 0um 


Source: Graph constructed from data presented 
in reference No. 3. 


CATIONS 

ravenol TMO Membrane Oxygenator is indicated 
e oxygenation of blood and the removal of carbon 
de from it in an extracorporeal circuit during 
cardiopulmonary bypass at flow rates up to 6 
/minute at altitudes not in excess of 2400 feet 
meters) 


TRAINDICATIONS 

tion of patients as candidates for oxygenation is 
y a medical responsibility and the outcome is 
ndent on many variables, including patient 

‘logy and surgical and perfusion procedures 


NINGS 

iation of this oxygenator at elevated altitudes 
hown inadequate outlet partial pressure for total 
3S (apparently because of lower Op partial 

ure differences across the membrane) Until 
»priate modifications are made, use of this device 
tudes above 2400 feet (730 meters) is not 
nmended 

)»atients who are actively bleeding, medical 

nent must be exercised in the use of the device 
‘fits of oxygenation must be weighed against 
»ftotal body heparinization. Oxygen requirements 
'ansfer rates are influenced by many variables 

g perfusion 
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Source: Graph constructed from data presented 
in reference No. 3. 
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Source: Graph constructed from data presented 
in reference No. 5. 


Perfusion Time < 60 min 


Use of blood suction devices must be limited where 
possible 


PRECAUTIONS 
Adequate heparinization is essential If the oxygenator 
IS used in hyperbaric environments, both sides of the 
oxygenator must be referenced tothe same pressure 
The gas outlet port should remain open and free of 
any obstructions 

Before using. refer to complete directions 
accompanying the product 


Additional references (continued from previous page) 
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Morris, G.C., Jr, and DeBakey, M E Clinical experience 
with the Teflo” membrane oxygenator AmSECT 
Proceedings, Vol II, 1974 
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Laboratory and clinical experience with a microporous 
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Source 1: Graph constructed from data 
presented in reference No. 4. 


Source 2: Graph constructed from data 
presented in reference No. 1. 
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EDITORIALS 


Professional Advertising: Ground Rules 


for Ethical Relations with the Communications Media 


Benson B. Roe, M.D.* 


In the pursuit of its responsibility te the public 
in guiding the conduct of its membership, The 
Society.of Thoracic Surgeons has assumed a 


. vigorous. position regarding the interpretation 
. and enforcement of ethical practices as they re- 


late to the public media. Through ics Commit- 


tee on Standards and Ethics, several members 


of The Society have been investigated for al- 


leged unethical practices and disciplinary ac- 
tion has been taken. The following inter-. 


pretations of medical ethics are provided to the 
membership of The Society of Troracic Sur- 
geons to clarify the position of the Committee 
on Standards and Ethics and the Council on 
Acceptable Practices. Concerning the Public 
Media. Adherence to these standarcs is a condi- 
tion of membership. 


1. News releases about individual surgeons, 


. with or without photographs, are considered 
appropriate when they simply r2port: 

a. Election or appointment to important 
posts | ze 

b. Receipt of awards, prizes, or research 

. grants l 

c. Participation in scheduled lectures or 
programs 

d. Opening of practice (no phctographs) 

2. Press reports or television appearances an- 
nouncing scientific or clinical echievements 
are suitable with the following stipulations: 
a. Information should be released only in 
A conjunction with its publication or pre- 

sentation at a scientific mee-ing. 

b. The information released should be lim- 
ited to the subject presented, should be 
objectively reported, and should avoid 

implications of superior clinical perfor- 
mance or other personal blendishments. 

3. Feature articles and television interviews are 
considered to be appropriate only when they 

*Chairinan, Committee on Standards and Ethics, The Soci- 

ety of Thoracic Surgeons. 


Address reprint requests to The Society of Thoracic Sur- 
geons, 111 E Wacker Dr, Chicago, IL 60601. 
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serve for public education or professional 

interest or are done in connection with fund 

drives or celebrations. Participation in this 

type of publicity should: 

a. Confine its emphasis to techniques, 
methods, or other relevant information 

b. Avoid unnecessary identification of prac- 
ticing physicians 

c. Avoid presentations that feature indi- 
viduals and thus may be aggrandizing 

4. News releases of.any kind about successful 
results on individual patients are generally 
discouraged. 

5. Institutional bulletins, newsletters, and 
other communications to professional col- 
leagues, in particular those who may pro- 
vide a source of patients, should not contain 
promotional information suggesting supe- 
riority of professional services. | 

6. Responsibility for what is published shall be 
presumed to lie with the surgeon who re- 
leases the information or permits reporters 
into his facility. 


The constitutional mandate for this activity 
lies in Article 1, Section 2, paragraph (a), which 
lists as one of The Society's objectives “to im- 
prove the quality and practice of thoracic and 
cardiovascular surgery as a specialty." Both the 
Committee on Standards and Ethics and the 
Council of this Society have devoted many 
hours of discussion to the potential problems 
created by the obvious advantages derived 
from public exposure and the consequent in- 
centives to indulge in this misleading form of 
"advertisement." Although this issue is neither 
new nor peculiar to our specialty, the emo- 
tional, sensational, and highly interesting as- 
pects of cardiovascular surgery have stimulated 
more attention from the public media than 
many previous medical subjects. In particular, 
the events of transplantation and cardiac re- 
placement devices struck dramatic notes of im- 
mense worldwide impact. They further concen- 
trated attention on individual heroes and 
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stimulated scores of surgeons to follow suit, 
often injudiciously, for the purpose of garnish- 
ing their image. The obvious personal aggran- 
dizement accruing from this publicity, sup- 
ported by the proved economic benefit of 
industry’s multibillion-dollar advertising pro- 
gram, threatened to alter our traditional profes- 
sional demeanor, which has always been de- 
signed to protect the public from selecting 
physicians on the basis of fraudulent and mis- 
leading information rather than professional 
reputation. Since many respected leaders be- 
came involved in earlier unprofessional public- 
ity, there was a strong tendency to justify delib- 
erate promotional activity as a means of de- 
veloping practice. 

Consequently, it became necessary to rede- 
fine professional conduct. Either a new stan- 
dard of commercial advertising had to be offi- 
cially approved for everyone, or the dignified 
atmosphere of competing on the basis of peer 
assessment rather than popularity with the 
general public needed restoration. The Society 
of Thoracic Surgeons decided that the public 
interest would best be served by reestablishing 
the latter position and has specified an ethical 
code for press relations, implemented with a 
standing committee empowered to initiate dis- 
ciplinary action against those who would not 
abide by it. 

It is well recognized that medical practice is 
no less competitive than any other endeavor, 
but every form of competition has some regula- 
tion to provide fair and equitable opportunity 
for all competitors. Although the objective in a 
sailboat race may best be achieved by using a 
motor, the competition is destroyed if that 
method of propulsion is used by one contestant 
only. Similarly, professional competition is de- 
stroyed if some “contestants” become public 
figures while others retain a professional de- 
corum, which does not mislead the public 
about their merits. 

The time and effort expended by the Commit- 
tee on Standards and Ethics represents an im- 
" portant service, not only to the membership of 
The Society but also to the profession at large. 
Its active and ongoing role in defining and en- 
forcing ethical conduct protects both the public 
and the conscientious surgeon from the un- 


scrupulous promoter. Although the guidelines 
are self-explanatory, they are, like any other 
regulatory instrument, subject to loopholes and 
interpretations that can detract from their objec- 
tives. The profession clearly operates in the 
public domain and is obliged tó keep the public 
informed of its achievements, capabilities, and 
prospects. In addition, the profession relies 
heavily on public funds (be they charitable or 
governmental) for both its research and its clin- 
ical functions. Raising these funds and justify- 
ing their expenditure involve a responsibility 
for reporting and promoting medical progress. 
Surgeons who find themselves in the position 
to provide this important public information, 
or who seek it out, may be tempted to transcend 
appropriate ethical restrictions for self-serving 
purposes. 

Dignified, circumspect, and objective infor- 
mation makes poor press. Reporters look for (or 
create) the spectacular, the glamorous, and the 
bizarre. They thrive on colorful personalities 
and dramatic events. Their objectives, there- 
fore, are in direct conflict with the profession's 
long-established policy of depersonalized re- 
porting and avoidance of unfair personal ag- 
grandizement. The unwary or cavalier surgeon 
will allow himself to be a central figure in a 
feature story, perhaps under the guise of fund 
raising or public information, which includes 
inappropriate personal photographs and un- 
necessary personal identification, neither of 
which is germane to the scientific or clinical. 
subject matter. When these surgeons are ad- 
monished by the Standards and Ethics Commit- 
tee, they respond usually with a protest of in- 
nocence on the grounds that: (1) "the exposure 
was entirely for the benefit of a charitable (or 
educational) cause"; (2) "the interview had 
been arranged and managed by some su- 
perior (such as a dean, hospital adminis- 
trator, or official press representative), and I - 
presumed that made it all right"; or (3) "I did 
not realize what was going to be published and 
had no opportunity to check out the story." 

To assume that a reviewing committee can 
accept these excuses from mature, responsible, 
professional individuals is either naive or in- 
sulting. Physicians must be as accountable for 
their public relations as they are for their care of 
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patients. Guidelines of ethical condu-t must be 
provided to the public-relations pe-sonnel of 
hospitals, medical schools, and healta agencies 
as well as to the reporters with whom they 
communicate. À surgeon is obligatec to be cer- 
tain that these guidelines will be otserved be- 
fore he provides any material for a press release, 
even as he must be certain of the safety and 


quality of hospital services before he admits a 
patient for operation. A clinical disaster that re- 
sults from allowing residents or nurses to act in 
his behalf would not be excusable on the 
grounds of not knowing what they might do. 
Responsibility rests where it belongs—with the 
surgeon in patient care and with the person 
being interviewed in press relations! 


Blood Loss Following Cardiopulmonary Bypass 


Roque Pifarré, M.D. 


Because the number of patients undergoing 
coronary artery bypass operations continues to 
increase all over the world, the paper by Dr. 
Yeh and associates (p 11, this issue) is timely. 
Concern for the number of blood units used 
and the strain placed on blood bank resources 
has been expressed by several authors [3]. 

It is a well-recognized fact that the longer the 
pump time, the greater the blood loss and the 
blood requirement during and after a proce- 
dure. Because the experience of the surgical 
team influences the length of the procedure, 
blood requirements are reduced as experience 
increases. But there are other factors that influ- 
ence blood coagulation, blood loss, and blood 
replacement during an open-heart operation. 

The status of the coagulation mechanism be- 
fore operation must be evaluated carefully. 
Some patients are referred for operation while 
receiving intravenous heparin, administered to 
help manage accelerating angina or to prevent 
emboli in patients with atrial fibrillation. Others 
have been taking oral anticoagulants until a few 
days prior to operation, and still others take as- 
pirin daily as a prophylactic agent to prevent 
heart attacks. In a patient in either of the last 
two categories, although the coagulation pro- 
file may be back to normal, it can be assumed 
that intraoperative and postoperative bleed- 
ing will be increased, and Prope measures 
must be taken. 

The type of anesthetic used has to be taken 
into account when it comes to blood volume 
replacement. Morphine results in extreme vaso- 
dilation and requires increased volume re- 
placement. The same is true of unloading 
agents, such as nitroglycerine and nitroprus- 
side. Monitoring of the pulmonary capillary 
wedge pressure is a must for adequate blood 
volume replacement. 

The use of nonblood prime [2] and the de- 
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velopment of less traumatic and more efficient 
oxygenators with a reduced priming volume 
represent a great advance and have reduced the 
adverse effect of extracorporeal circulation. The 
use of crystalloid solutions as prime for the 
pump-oxygenator has contributed to the saving 
of blood end improved bypass physiology. Fur- 
thermore, the incidence of kidney shutdown 
and hepatitis has decreased notably. 

Until recently, most teams have used an ini- 
tial dosage of 3 mg of heparin per kilogram of 
body weight. During bypass, heparin has been 
added at a rate of 0.5 to 1.5 mg per kilogram of 
body weight per hour. This generally accepted 
method is presently being reassessed by means 
of the activated clotting time (ACT)* [1]. Prior to 
bypass, the ACT is measured to establish a base 
value. The patient is given 2 mg of heparin per 
kilogram as the initial dose. During bypass, 
heparin administration is controlled by measur- 
ing the ACT at fifteen-minute intervals. The 
ACT is kept at 400 seconds or higher, not ex- 
ceeding 60) seconds. Protamine dosages to neu- 
tralize the heparin are based on the. ACT after 
bypass in relation to the baseline ACT before 
bypass. 

It has been the experience at my institution 
that using the ACT to control dosages has 
greatly reduced the amounts of heparin and of 
protamine needed during open-heart opera- 
tions. Furthermore, postoperative blood loss. 
during the first 48 hours is reduced by 4096. 
Experience with the ACT leads me to conclude 
that the mcst common cause of increased post- 
operative bleeding at present is inadequate 
heparin reversal. 

Recently, a blood centrifuge has become 
available that is designed specifically for use 
after cardiopulmonary bypass to centrifuge the 
oxygenator contents.t This system has been 
used in blood banks for washing red blood 
cells. Wilscn and Taswell [4] described the 
early model and its potential application to 
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autotransfusion. At the end of b»pass, the 
oxygenator contents are centrifuged and the 


packed cells are transferred to bags, to be trans-- 


fused slowly to the patient. The advantage of 
this method is that it reduces the volume of 
crystalloid prime to be reinfused. 3einfusion 
may result in overloading of the left ventricle if 
not done carefully. The method also results in a 
reduction of the amount of heparin reinfused 
since most of the heparin is discarded with the 
supernatant plasma prime. Blooc loss and 
transfusion requirements are less at24 hours in 
patients who are reinfused by this system com- 
pared with patients who receive dilute 
oxygenator contents. This method is an impor- 


PRA s, no. 


tant means of blood conservation and preven- 
tion of fluid overload following cardiopulmo- 
nary bypass. 
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Caritas Chirurgi 


F. Henry Ellis, Jr., M.D., Ph.D. 


The Society of Thoracic Surgeons represents the 
bulk of qualified thoracic surgeons practicing in 
the United States and is responsible in large 
measure for maintaining and improving the 
stature and quality of our specialty. Our previ- 
ous presidents have met this challenge in a 
thoughtful, imaginative, and effective manner, 
and our Society is now recognized as the 
spokesman for thoracic surgery in the United 
States. The high caliber of our scientific meet- 
ings and postgraduate courses and of the jour- 
nal that represents our Society have contributed 
to the respect with which our specialty is gen- 
erally regarded, while our socioeconomic re- 
sponsibilities are being vigorously pursued by 
such important and hardworking committees as 
the Committee on Standards and Ethics, the 
Committee on Government Relations, and the 
Manpower Committee. 

We need a vigorous and active organization 
to represent us because medicine today is buf- 
feted by a variety of forces that, without ques- 
tion, will lead to major changes in the way we 
practice our specialty and in the type and qual- 
ity of care that our patients receive. Vigilance 
on the part of all of us to the changing nature of 
our social environment and to the most effec- 
tive response to this change is essential, and we 
cannot let ourselves be seduced into the com- 
fortable embrace of automatic resistance to 
these outside influences, even though we may 
disagree with many of them. As stated so ele- 
gantly by Kingman Brewster, former President 
of Yale University and now Ambassador to the 
Court of St. James: "Be ready to question your- 
selves as well as others. It is essential if you are 
to enjoy the privilege of doubt. If you leave no 
room for doubt, you have no room to grow.” 

Arthur Schlesinger has said that we live in an 
age without heroes. Although it is true that the 
legal and banking professions have recently 
From the Section of Thoracic and Cardiovascular Surgery, 
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been the subject of considerable criticism be- 
cause of V/atergate and the Bert Lance affair, the 
medical vrofession for some time has been a 
magnet for adverse publicity. The press rejoices 
in recounting at length Medicaid abuses and 
instances bf "unnecessary surgery.” We as doc- 
tors are held solely responsible for the high cost 
of medical care when no more than 20% of total 
health care expenditures can be directly attrib- 
uted to plysicians’ fees. While endeavoring to 
maintain our high ethical standards, we are ac- 
cused by the Federal Trade Commission of 
being in restraint of trade for failing to adver- 
tise. Escalating insurance premiums due to pro- 
liferating malpractice actions have added fur- 
ther to our burdens. The titles of some current 
books on medicine exude a pejorative tone: The 
End of Mesicine, The Mirage of Health, Medical 
Nemesis, Doing Better and Feeling Worse. The 
traditional picture by Rockwell Kent of the 
kindly far-ily physician sitting helpless but 
concerned beside a sick child's bed has been 
replaced bv cynical cartoons reflecting more 
often than not the affluence and lack of concern 
of today's physician. According to.a recent 
Harris survey, confidence in physicians has 
dropped ar. astonishing 30 points in the last de- 
cade. Docto:s are accused of being insensitive to 
the needs a: their patients and excessively pre- 
occupied with science or money or both. 

It is not the first time that our profession has 
come under attack. In earlier days physicians 
themselves commented adversely on their.col- 
leagues and profession. In 1882, a Dr. Beal 
wrote: 


. The amenities of professional intercourse and the ob- 


ligations of medical men towards each other and the 
public, were perhaps better observed in 1850 than 
now. Then the doctor, next to the minister, was the 
trusted friend and counsellor of every family to 
whom he ministered. He shared their joys, soothed 
their sorrows and every passing year added to and 
cemented the attachment and affection. between 
them. Now the doctor is regarded more in the light of 
a tradesman cr mechanic and employed from the 
same considerztion that a grocer, tailor or shoemaker 
is. The strong ties of gratitude and affection have 
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almost ceased to exist. Relationship is now placed 
upon a mere commercial basis and for that zhe pro- 
fession is more to blame than the public. 


At the turn of the century, the medical profes- 
sion was already in the doldrums in the opinion 
of one distinguished practitioner. More than 50 
years ago Dr. James Mumford of Bos:on de- 
scribed some of his colleagues in the following 
terms: 


These... men do not stand ready day and night for 
small fees or no fees to rush to the aid of the afflicted. 
They call themselves consuitants and keep hours and 
appointments so irregularly that practice cannot find 
them. When the chief shepherds have for a genera- 
tion so neglected their flocks, what can you expect? 


Thus, criticism of our profession is nothing 
new but is clearly a recurring if not constant 
phenomenon. There is a paradox, though, in 
the public's view of our profession today. In 
spite of the efforts of many to destroy the doc- 
tor's image, 75 to 8096 of the population (de- 
pending on which survey is used) is satisfied 
with their own doctors and the care they give, 
while the majority think the system that is re- 
sponsible for health care is in bad shape. In a 
recent Gallup poll that asked which occupation 
they considered the most honest and ethical, 
high school students placed the physician at the 
top of the list. It would appear that although 
confidence and faith in our profession as a 
whole may be slipping, the individual physi- 
cian is still held in high esteem. This fact should 
not be overlooked by those who blame gov- 
ernment bureaucracies for all our present and 
future ills. Our government is still demo- 
cratically elected, and ultimately the will of the 
people will be heard. Since our patients make 
up a large proportion of the voting public, they 
comprise potentially our most important constit- 
uency. We must therefore restore the public’s 
faith and confidence in us as individuals as well 
as in our profession. 

It is important that the governmental, 
legal, and fiscal aspects of the present medi- 
cal "crisis" be emphasized by The Society of 
Thoracic Surgeons and others in the profession. 
However, there is ancther dimension that has 
received less attention but is no less important 


and may, in fact, be crucial. This dimension is 
the human element that underlies all doctor- 
patient relationships. If patients today seem to 
lament the disappearance of the family doctor 
even though they recognize that his medical 
knowledge and skills were limited, is it not 
possible that the family doctor provided some- 
thing that has been lost, or at least diminished, 
in the development of our present highly scien- 
tific and technical medical practice? The answer 
is almost certainly yes, but let us hope that ele- 
ment can be restored. The topic which I have 
chosen for this talk addresses itself to this prob- 
lem. 

How much of the altered image of the profes- 
sion in the eyes of the public is related to the 
shifting motivation and goals of individuals 
electing medicine as a career? A question al- 
most impossible to answer, it nonetheless de- 
serves our attention if only to provide each of us 
a chance to reevaluate our own personal moti- 
vation and goals. Many of us, I am sure, can 
recall only with difficulty the influences that di- 
rected us into medicine, so much have our orig- 
inal intentions been altered by the realities of 
what we have been able to achieve in a world in 
which factors affecting our professional lives 
are constantly changing, factors that are more 
often than not beyond our control. 

Students give many reasons for entering 
medicine, including the desire to heal, to re- 
lieve suffering, to make discoveries, or to help 
social progress. In addition, there are such 
goals as the wish to become proficient and the 
desire to be a person of status and affluence. It 
is said there is an identifiable change in goal 
orientation among today's medical students 
compared with those of a few decades ago. To- 
day, increasing numbers of medical students 
elect a career in primary care as defined by fam- 
ily medicine, general internal medicine, and 
general pediatrics; yet the factors that influence 
this career choice may well be more political 
and socioeconomic than a reflection of deep 
humanitarian concern. In a survey of values 
admired by current Harvard medical students, 
the value preferred by most was that of "compe- 
tence." While competence is a necessary trait 
for all physicians to acquire, I would hope that 
members of our specialty, at least, would set 


8 The Annals of Thoracic Surgery Vol 26 No 1 July 1978 


their sights a bit higher. In a paper on career 
motivation published more than a decade ago, 
Professor Altschule of Harvard chose what I con- 
sider a value far more worthy of achieving: 


The feeling of satisfaction evoked by excellence is the 
most important reward of the physician’s profes- 
sional life. This feeling of satisfaction is not only 
pleasurable, it is socially useful. Pleasure and social 
usefulness are combined in only a small minority of 
the situations of daily life. Only medical personnel 
and some religious have the opportunity of ex- 
periencing this combination frequently. 


I hope all of you will agree with me in select- 
ing "excellence" rather than "competence" as a 
worthy, goal. Gardner recommended “a concern 
for excellence or devotion to standards of re- 
spect for the human mind and spirit at its best" 
as the way for man to realize the optimum that 
is in him. Elsewhere in his book entitled Excel- 
lence, he stated: 


Some people have greatness thrust upon them. Very 
few have excellence thrust upon them. They achieve 
it. They do not achieve it unwittingly by doing what 
comes naturally and they don't stumble into it in the 
course of amusing themselves. All excellence in- 
volves discipline and tenacity of purpose. 


Later he wrote: “But excellence implies more 
than competence. It implies a striving for the 
higher standards in every phase of life. We 
need individual excellence in all its forms, in 
every kind of creative endeavor, in political life, 
in education and industry, in short, univer- 
sally.” 

Achieving excellence in all things may seem 
too ambitious a project, but I recommend it to 
you nonetheless as a goal for which we should 
strive. As Gardner pointed out, excellence has 
many facets, not just competence in a specialty. 
Today I will emphasize only two of these facets: 
excellence in communicating and excellence in 
caring. The two become inextricably interwo- 
ven when it comes to communicating with our 
patients. | 

Few.among you would disagree with the 
necessity, particularly today, of improving our 
techniques and talents of communicating. C. P. 
Snow wrote persuasively in The Two Cultures of 
the increasing schism between the scientific 


and intellectual communities, primarily be- 
cause of their inability to communicate with 
each other. He also commented on the adverse 
effect of increasing specialization on the ability 
of scientists to communicate with colleagues in 
different branches of science as well as with 
those in similar disciplines. Today these admoni- 
tions are particularly pertinent, for it is becom- 
ing increasingly apparent that our future will be 
profoundly influenced by our ability to com- 
municate with each other, the general public, 
and our patients. 

It may seem superfluous to stress the neces- 
sity of improving our capacity to communicate 
more meaningfully with our colleagues. How- 
ever, we are all familiar with the long-standing, 
semiamicable feud that exists between sur- 
geons and internists. It may reflect as much a 
difference in the personalities of the individu- 
als in the two specialties as it does a specific 
loss of the ability to communicate. However, 
now more than ever, communication with our 
colleagues should be free and open if we are to 
be mutually supportive in the struggles that lie 
ahead. Improvement in communication should 
not be limited only to-our professional col- 
leagues but should extend also to those in- 
volved in the supporting health services. Much 
can be gained by time spent in careful explana- 
tion to registered nurses, practical nurses, tech- 
nicians, and orderlies of matters related to the 
care of our individual patients. A clear under- 
standing on their part of what our purposes and 
expectations are can only result in improvement 
in patient care. 

More important than improving communica- 
tions between members of the health profes- 
sion is emphasis on the improvement of com- 
munications between the doctor and society. À 
few years ago, Atherton Bean, then chairman of 
the Board of Trustees of the Mayo Clinic, said: 


The American people are proud of American medi- 
cine, but organized medicine much of the time acts 
as though it was tired of hearing from you and me or 
its customers on a good many aspects of the medical 
problems that closely affect our lives. 


Allen Gregg, while director of the Rockefeller 
Foundation several decades ago, was also 
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aware of this deficit in the scientific commu- 
nity. 


Operating in an atmosphere of crisis-met with confi- 
dence, we [scientists] naturally develop a singular 
insularity of view, a sort of professional exemption 
from challenge . . . at the hands of healthy and dis- 
putatious laymen. We behave as though we were a 
group set apart—and that attitude generates into a 
kind of professional provincialism. 


We must discard this aura of superiority and 
insularity and replace it with an image more 
consistent with our true goals and one more 
understandable to the American public. As I 
said before, our most important constituency is 
our patients, whose voices will be heard in 
coming decisions regarding the future of health 
care delivery in the United States. 

We have often been accused of joining forces 
solidly behind- colleagues who are threatened 
by legal action regardless of the validity of a 
plaintiff's complaint. The time has come, I be- 
lieve, when we as individual and responsible 
surgeons can be and should be more active in 
policing our specialty by serving as expert wit- 
nesses for the plaintiff when such action seems 
justified. While the courtroom is not the ideal 
stage to implement improvement in quality 
care, until peer review or some other mecha- 
nism becomes truly effective, we cannot sit by 
and acquiesce by silence when complaints of 
malpractice are justified. Our image in the eyes 
of the public will certainly be enhanced by an 
open stance. 

In other contacts with the media, we are func- 
tioning in a controversial area. This Society has 
set up strict guidelines regarding how such con- 
tacts can ethically be carried out, while other 
societies and medical organizations have come 
under indictment by the Federal Trade Com- 
mission for failing to allow their members to 
advertise. Be that as it may, I think the medical 
profession as a whole has been negligent in not 
communicating more directly with the press. 
Undoubtedly, one of the reasons for the in- 
creased number of malpractice suits in recent 
years is the public's conviction that contempo- 
rary medicine is able to accomplish a great deal 
more than is, in fact, possible. This attitude is, 
in part, the outcome of overstated claims by 


medicine itself in recent decades and of medi- 
cine's passive acquiescence when even more 
exaggerated claims are made by the media. Al- 
though we complain bitterly when the media 
print articles derogatory to our profession, we 
say nothing when grandiose claims of our ac- 
complishments proliferate in the press. We 
should be equally willing to deny overly op- 
timistic evaluations of our profession as we are 
to refute negative statements. By and large, 
modern scientific journalists, while anxious, of 
course, to develop a story that will appeal to 
their readers, are responsible people who are as 
interested as you and I in getting the facts 
straight. By making ourselves available to them 
and talking to them frankly and openly, the 
chance for accuracy of reporting is greatly en- 
hanced. I think we have an obligation now to 
move responsibly in this direction. 

Most important of all is improvement in 
doctor-patient communication. When it comes 
to medical matters, most intelligent laymen, 
though more sophisticated medically than in 
past years, still entertain innumerable myths 
about their bodies and their health. As pa- 
tients, people have the right to know what is 
being done to them when we intrude upon 
their minds and bodies; yet too often, through 
either impatience, lack of concern, or a mis- 
guided effort to "protect" the patient, we do not 
explain clearly and simply our assessments and 
proposed treatments. Studies of doctor-patient 
communication repeatedly record patients’ 
complaints of the doctor's lack of clear-cut ex- 
planation concerning diagnosis and treatment 
and the frequent use of incomprehensible med- 
ical jargon. The word doctor comes from the 
Latin docere, “to teach.” The doctor's task ought 
stili to be to educate the patient about the im- 
plications of his illness and the methods for its 
remedy. The process is an exchange of informa- 
tion; the goal is the demystification of medical 
procedures so that the patient is able to make 
his own decisions and thereby assume respon- 
sibility for acting. 

An even more important comment made by 
patients interviewed in studies of doctor- 
patient communication is a lack of warmth and 
friendliness on the part of the doctor and his 
failure to take into account the patient's con- 
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cerns and personal expectations. Few of us, if 
any, are willing to accept the possibility that the 
overall outcome of our therapeutic efforts may 
depend less on our technical skills than on the 
quality of our relationship with our patients 
and our knowledge of their personal needs. 
While perhaps more universally true when 
applied to the nonsurgical members of our pro- 
fession, this statement also pertains in no small 
measure to those of us in surgical practice. 

The public’s current disenchantment with the 
medical profession at a time when physicians 
can do more than ever before in history to cor- 
rect or minimize the damages of serious illness 
may well reflect a conscious or unconscious 
perception by patients that while they may be 
cured, they are not being cared for. We as sur- 
geons, both by training and by nature, em- 
phasize the former at the expense of the latter. 
Some fifty years ago Francis Peabody of Boston 
went to the heart of the matter when he wrote: 
"One of the essential qualities of the clinician is 
interest in humanity, for the secret of the care of 
the patient is in caring for the patient.” 

This brings me to the title of this presenta- 
tion, "Caritas Chirurgi" or The Surgeon's 
"Caritas." Caritas is a Latin word from carus 
meaning “dear,” which through the vagaries of 
linguistic transformation became charité in Old 
French, charite in Middle English, and finally 
charity as we know the word today. In the pro- 
cess, the original implications of the word were 
lost. It once carried connotations of affection, 
love, esteem, and caring. These are the qualities 
I would urge us to adopt in our dealings with 
patients. 

Brought up as many of us were under the 
influence of the sayings of that famous clinician 
Sir William Osler, we have perhaps taken too 
literally some of his recommendations. I refer 
particularly to one of his best known and most 
frequently quoted speeches, a valedictory ad- 
. dress at the University of Pennsylvania in 1889. 
In this address, he said: 


.. no quality takes rank with imperturbability 

. . that is, coolness and presence of mind under all 
circumstances, calmness amid storm, clearness of 
judgment in moments of grave peril, immobility, 
impassiveness, or to use an old and expressive term 
‘phlegm.’ 


Later in the same address he stated: "Now a 
certain measure of insensibility is not only an 
advantage, but a positive necessity in the exer- 
cise of a calm judgment and in carrying out 
delicate operations." Wise words indeed, but 
perhaps more appropriate in his day than ours, 
for if followed too closely they may accelerate 
the public s loss of confidence and faith in our 
profession. In Osler’s time there was no need to 
emphasize the human approach. Then there 
was more Aumanity than science; today the re- 
verse is true. 

As C. P. Snow wrote in a recent article enti- 
ded "Human Care” in the Journal of the Ameri- 
can Medicae. Association: "We can be operated on 
with a new order of skill, cured of many kinds 
of sickness, and yet psychologically when re- 
ceiving medical care we are more anxious and 
disturbed than our fathers were.” 

It is not surprising that modern physicians, 
particularly thoracic surgeons, are susceptible 
to the accusation of having lost touch with their 
patients. Tne enlarging scope of our field and 
its increased emphasis on technology have 
tended to Ereed impersonality, making it more 
difficult then ever to establish and maintain a 
warm and human relationship with our pa- 
tients. Perhaps the word empathy best describes 
the quality that patients seem to think, is lack- 
ing in their dealings with the medical pro- 
fession—empathy rather than sympathy, for 
the latter means "to pity or to commiserate 
with” whereas the former carries the more posi- 
tive connotztion of actually projecting one’s self 
into the situation of another. Unhappily, today, 
as Eisenberg wrote in a perceptive essay enti- 
tled "The Search for Care," "there are few 
Brownie points given for compassion." 

Not so leng ago, Charles Bell of the well 
known surg-cal family of Edinburgh addressed 
the probler- with typical Scottish directness: 
“That the surgeon in order to do his duty must 
be divested of the common feeling of humanity 
is a vulgar error." 

Let me coaclude with a far older quotation, 
onefrom Hippocrates, that, if heeded, willsurely 
benefit our patients, our profession, and each 
of us individually: "Where there is Love of 
Humanity—there will be Love of the Profes- 
sion." 


Blood Loss and Bank Blood 
Requirement in Corcnary Bypass Surgery 


Thomas Yeh, Jr., Larry Shelton, C.C.P., and Thomas J. Yeh, M.D. 


ABSTRACT With the use of nonblooc prime and 
refinement in perfusion and surgical techniques, 
blood requirement for coronary bypass operations 
has been reduced to a minimum. Of 240 patients 
(average number of bypasses, 3.07; average pump 
time, two hours and 22 minutes), no blood was used 
in pump prime or before perfusion. Daring perfu- 
sion, 29 patients (12%) received 34 units of blood in 
the pump-oxygenator, and after bypass. 64 patients 
(27%) received 65 units of blood in the operating 
room (average intraoperative use, 203 ml per patient). 
For the total hospital stay, the blood requirement was 
728 ml per patient. For the last 60 patients operated 
on, the figure was 328 ml. There were no surgical 
deaths, and only 1 reexploration for postoperative 
hemorrhage (0.4%). Discharge hemoglcbin level av- 
eraged 11.8 gm, whereas the admissior hemoglobin 
level had averaged: 13.8 gm. Autotransfusion, 
avoidance of entry into the pleural space, shorter per- 
fusion time, postoperative platelet coun of more than 
150,000, and normal partial thromboplastin time tend 
to reduce blood requirement, but not to a striking 
degree. Bank blood requirement for the coronary 
bypass program accounted for 3.7% o= the hospital 
need and 2% of the community need. 


It was estimated that approximate-y 70,000 pa- 
tients would undergo coronary bypass operations 
in the United States in 1977 [2], anc the number 
increases every year. The bank bbod require- 
ment for these procedures can conceivably strain 
the capacity of the local blood bank resources 
[11]. This study was undertaken :o determine 
the bank blood requirement of zhe coronary 
bypass surgery program in Savarnah, GA, to 
measure its impact on the local blcod bank sys- 
tem, and to find the effects of vzrious factors 
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upon the blood loss and replacement in coronary 
bypass operations. 


Material and Methods 

Two hundred forty consecutive coronary bypass 
operations done by one surgeon since May 13, 
1975, were analyzed. Excluded from this series 
were reoperations and those patients in whom 
ventricular aneurysmectomy, prosthetic valve 
replacement, or both were done concomitantly. 
There were 206 men and 34 women (male-to- 
female ratio, 6:1). Ages ranged from 27 to 75 


years (average 56.5 years). Weight ranged from 


53 to 140 kg (average, 79.1 kg). 

The saphenous vein was harvested from the 
ankle up toward the knee. Ascending aortic can- 
nulation was used in all instances. Venous 
drainage was by a single catheter in the right 
atrium. The left ventricle was vented through 
the apex. The patient was heparinized (3 mg/kg 
body weight) intravenously just prior to cannu- 
lation. A disposable bubble oxygenator was 
primed with Ringer's lactate with serum albu- 
min, sodium bicarbonate, potassium chlo- 
ride, and methylprednisolone sodium succinate 
added. Total prime volume was 1,500 to 2,000 
ml. Throughout the perfusion period, heparin 
was added to the perfusate at a rate of 0.5 mg per 
kilogram of body weight per hour. Following 
completion of cardiopulmonary bypass, prot- 
amine was given in a dosage equal to 80 to 9096 
of the initial heparin dose. Heparin added to the 
perfusate during perfusion was not neutralized. 
Clotting time or activated partial thromboplas- 
tin time (PTT) was not determined as a guide to 
protamine dosage. Postoperative chest drainage 
was recorded daily for three days or until the 
chest tubes were removed. Blood transfusion 
was given to replace excessive loss or to stabilize 
hemodynamics and to keep the hemoglobin 
level at 11 gm or more. Fresh-frozen plasma and 
platelet concentrates were rarely given (less than 
596 of patients). Epsilon-aminocaproic acid was 
not used in any patient [6]. Blood transfusion 
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records were meticulously kept. Hemoglobin 
and hematocrit values were obtained on admis- 
sion, on arrival at the intensive care unit, on the 
first and second postoperative days, and if 
needed any time thereafter. The platelet count 
and PTT were obtained on admission and on 
arrival at the intensive care unit in 80 patients 
operated on during 1977. The blood loss and 
replacement were analyzed and were correlated 
to various factors such as the number of grafts, 
pump time, autotransfusion, method of pericar- 
dial drainage, postoperative platelet count, and 
PTT: 


Results 

The average number of bypasses per patient was 
3.07. The total perfusion time ranged from 49 to 
300 minutes (average, 142 minutes). The average 
admission hemoglobin was 13.8 gm, and the 
average discharge hemoglobin was 11.8 gm. 
There was no operative or hospital death in this 
series. The average hospital stay was eight days. 
One patient required a thoracotomy for hemor- 
rhage, and 1 patient had posttransfusion 
hepatitis. 


Intraoperative Blood Requirement 


Blood replacement was not required in any pa- 
tient before going on bypass, even for the pa- 
tients from whom 1 unit of blood was with- 
drawn for later autotransfusion. No blood was 
used in priming the pump. In 29 patients (12%) 


bank blood was added in the pump-oxygenator 


during prolonged perfusion to maintain the res- 
ervoir level. In 64 patients (27%) bank blood 
was given after perfusion to stabilize the circula- 
tion and to elevate excessively low hemoglobin 
levels. One hundred fifty-six patients (65%) re- 


ceived no blood at all in the operating room. 
Thus the total intraoperative bank blood re- 
quiremer.t for 240 patients was 97 units, an aver- 
age of 203 ml per patient. 


Postoperative Blood Loss and Requirement 
The chest drainage averaged 428 ml for the first 
twenty-four hours and 736 ml for the total 
period. In9 patients (4%) the drainage exceeded 
1,000 ml in the first twenty-four hours and in 
only 1 patient (0.4%) was it more than 2,000 ml, 
necessitat ng reexploration for the bleeding. 
Fifty-four patients received no blood for the 
entire hospital stay, and 73 patients received 1 
unit each. The maximum amount of blood used 
was 7 units for the patient who was reexplored. 
The total blood used for the 240 patients was 350 
units, or 728 ml per patient. No patient was 
dischargec with a hemoglobin level under 10 
gm. 


Effect of Number of Bypasses on 

Blood Loss and Replacement 

As may be expected, the greater the number of 
bypass gra-ts, the longer the pump time and the 
greater the blood requirement intraoperatively 
and postoperatively (Table 1). 


Effect of Autotransfusion 


In 116 patients, 1 unit of blood was collected 
from the arterial pressure monitoring line in a 
citrate-phosphate-dextrose bag before hepa- 
rinization. This blood was returned to the 
patient afte- the completion of cardiopulmonary: 
bypass anc after the administration of prot- 
amine. The autotransfusion had no statistically 
demonstraLle effect upon postoperative platelet 
count, PTT, or blood loss (Table 2). The blood 


Table 1. Pump Time, Blood Loss, and Blood Replacement According to the Number of Bypasses 


Single 
Variable (N = 19) 
Pump time (min) 72 
Total blood loss (ml) 636 
Total blood use (ml) 534 

158 


Intraoperative blood use (ml) 


Nc. of Bypasses 


Double Triple Quadruple Quintuple 
(N = 52) (N = 99) (N = 53) (N = 17) 
110 145 175 186 

695 720 870 839 

510 716 958 1,038 

311 336 407 44] 
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Table 2. Baseline Variables, Blood Loss, and Replacement Data 


in 116 Autotransfusion and 124 Contrcl Patients 


Variable 


Average age (yr) 

Average weight (kg) 

No. of bypasses 

Pump time (min) 

Preoperative hemoglobin (gm/100 ml) 
Discharge hemoglobin (gm/100 ml) 
Postoperative platelet count 
Postoperative PTT (sec) 

Total blood loss (ml) 

Total blood used (ml) 

Blood in pump (ml) 

Transfusion in operating room after perfusion (ml) 
Intraoperative blood use 


Autotransfusion Control 
54 582 

82 272 
3.07 3.06 
143 141 
14.4 13.3 
11.9 11.6 
116,000 124,000 
28.7/27.2 26.8/25.5 
740 732 

627 829> 

34 104^ 

77 189^ 
111 293^ 





“Difference significant to < 0.05. 
PDifference significant to « 0.01. 


requirement was reduced by an average of 200 
ml for the entire hospital stay. This reduction is 
completely accounted for by decreased in- 
traoperative use (70 ml less added to the pump 
and 112 ml less given after perfusion). 


Effect of Venting the Pericardium 
into the Pleural Space 


In the first patients seen in the series, the 
pericardium was vented widely iato the right 
pleural space for prevention of cardiac tam- 
ponade and possible reduction in -he incidence 
of postpericardiotomy syndrome. A random 
study was done of the last 80 pztients in the 
series; 40 patients had the pleural space opened 
and the remaining 40 served as ccntrols. In the 
group in whom the pericardial sace was not 
vented into the pleural space, the total blood loss 
was less (498 vs 641 ml) and blood replacement 
was also less than in the control zroup (280 vs 
410 ml) (Table 3). 


Effect of Experience of the Team 


The total of 240 patients was div:ded into four 
groups of 60 patients each in chronological se- 
quences. Although the average number of 
bypasses done per patient in each period did not 
differ greatly, the pump time decreased slightly 
and blood. losses and replacem2nt decreased 
noticeably (Table 4). In Period IV, the blood loss 


Table 3. Baseline Variables, Blood Loss, and 
Replacement Data as Influenced by Entry into the 
Pleural Space 


Pleural 
Space Pleura 
Entered Intact 
Variable (N = 40) (N = 40) 
Age (yr) 59 56 
Weight (kg) 79.8 79.0 
No. of bypasses 2.8 a2 
Pump time (min) 120 140» 
Preoperative hemoglobin 13.9 14.0 
(gm/100 ml) 
Discharge hemoglobin 11.9 11.9 
(gm/100 ml) 
Total blood loss (ml) 641 4984 
Total blood use (ml) 410 280? 


Difference significant to « 0.05. 
‘Difference significant to < 0.01. 


was reduced to 5096 and replacement to 3396 of 
those values in Period I. Sixty percent of the 
patients in Period IV required no bank blood at 
all. 


Effect of Postoperative Platelet Count 


In the last 80 patients seen, platelet counts were 
done routinely. The postoperative platelet count 
averaged 120,000 (52,000 to 278,000) compared - 
with the preoperative level of 228,000 (101,000 to 
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Table 4. Baseline Variables, Blood Loss, and Replacement Data 


According to Periods When Operations Were Done 


I 
(5/15/75 to 
Variable 2/27/76) 
No. of patients 60 
No. of bypasses 3.15 
Pump time (min) 155 
Total blood loss (ml) 1,009 
Total blood use (ml) 1,001 
Blood in pump (ml) 200 
Transfusion in operating 183 
room after perfusion 
(ml) 
Intraoperative blood use (ml) 383 


*Difference from Period | significant to < 0.01. 
"Difference from Period I significant to < 0.05. 


Table 5. Blood Requirement for Coronary 
Bypass Surgery in Relation to 
Hospital and Community Requirements 


No. of No. of 
Cross-matches Units 
Institution (units) Used 
Savannah, GA (3 Data 11,568 
hospitals), 1976 unavailable 
Memorial MedicalCenter, 14,750 6,203 
1976 
Coronary bypass surgery 840 232 
program, 1976 (140 
patients) 
Coronary bypass surgery 320 55 


program, first half of 
1977 (80 patients) 


393,000). The blood loss did not differ signifi- 
cantly according to the postoperative platelet 
counts. The correlation between the blood loss 
and platelet count was poor, and some patients 


with a platelet count in the range of 50,000 to. 


70,000 had a blood loss of only 250 ml during the 
total postoperative period and required no 
blood transfusion, platelet concentrates, or 
fresh-frozen plasma. If the platelet count was 
higher than 150,000 postoperatively, the blood 
requirement was definitely less (178 vs 428 ml, 
p « 0.01) even though blood loss was not signifi- 


Period 
H I IV 
(3/04/76 to (9/24/76 to (3/4/77 to 
9/21/76) 3/11/77) 8/22/77) 
60 60 60 
2.8 2.9 3.1 
143 133 135 
677 772 5442 
776 803 3284 
58 8 173 
150 125 125> 
208 133 1423 


cantly different from that in other patients (523 
vs 610 ml, 9 > 0.05). 


PIT 


Of 134 patients in whom postoperative PTT was 
determined, 111 had normal or slightly elevated 
PTT (up to 9 seconds over control) and 23 pa- 
tients had markedly prolonged PTT (10 to 60 sec- 
onds over control). The average blood loss was 
approximately 200 ml greater in the latter group, 
but the difference was not statistically signifi- 
cant. The blood requirement for the latter group 
was significantly greater than for the former (853 
vs 559 ml, p « 0.01). 


Blood Requirement in Coronary Bypass 
Operations in Relation to Total 

Hospital ana Community Need 

In 1976, 140 coronary bypasses were done at this 
center. Six units of blood were requested for 
each patient, or a total of 840 units for cross- 
matching. Of these, 232 units were actually used 
(Table 5). This usage amounted to 5.7% of total 
cross-matches and 3.796 of total blood given at 
the hospital, or 296 of all blood used in the city 
of Savannah, GA. Based on this figure, since 
January, 1977, only 4 units of blood were cross- 
matched and only 55 units of blood were used, 
an outcome indicating that further reduction in 
cross-matching requests is in order. 
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Comment | 

Cardiac operation with the use o a pump- 
oxygenator has traditionally been associated 
with a requirement for a large amount of donor 
blood [4, 8]. In the early days of open-heart 
surgery, it was not unusual to have I2 to 20 units 
of donor blood on hand for each patient. The use 
of nonblood prime [1, 3, 7, 9] and the development 
of more efficient and less traumatic oxygenators 
with smaller priming volume have reduced the 
adverse effect of extracorporeal circulation. The 
refinement of both the cardiopulmonary bypass 
technique and surgical technique also have re- 
duced blood loss and requirement. Conserva- 
tion of all blood spilled in the operative field 
after heparinization, avoidance of unnecessary 
blood trauma, avoidance of discarding car- 
diotomy blood needlessly or allowing it to mix 
with irrigating fluid, and, finally, returning all 
blood-fluid mixture in the extraco-poreal circuit 
to the patient, with occasional use of diuretic to 
eliminate fluid overload, are some of the helpful 
measures that have been adopted. The economic 
benefit of reduction of blood transfusion is ob- 
vious. More important, however, is the re- 
duction of transfusion reaction, pulmonary 
complications, and incidence of posttrans- 
fusion hepatitis [8]. 

Paradoxical though it may seem, the use of a 
higher initial dose of heparin andthe addition of 
heparin in the system during perfusion have 
reduced blood loss and requirement. By fully 
heparinizing the blood, it is possible to prevent 
so-called intravascular coagulation in the ex- 
tracorporeal circuit with depletion of various 
clotting factors. The dosage of protamine, on the 
other hand, has been reduced. With a protamine 
dosage equivalent to the total amount of heparin 
used (initial amount + dosage added during 
perfusion), we have noticed that the relatively 
dry operative fields after perfusion often become 
bloody after the administration of protamine. 
Because of this, we administer2d protamine in 
increments of 50 to 100 mg, and when visible 
clots began to appear in the wcund, we judged 
the dosage to be adequate. Based on this experi- 
ence, we now administer about 80 to 85 mg of 
protamine per 100 mg of hepa-in used initially 
and disregard the heparin given subsequently 
in the pump-oxygenator. We have not used any 


laboratory test to modify protamine dosage in 
the past eight years. 

The platelet count and PTT were determined 
in some patients for the purpose of clinical in- 
vestigation. The postoperative platelet count 
was invariably greatly reduced from the 
preoperative count, but the effect of the post- 
operative platelet count on blood loss was incon- 
sequential. In fact, no statistically significant 
difference could be detected at all. The post- 
operative PTT level likewise correlated pocrly 
with the postoperative blood loss. The blood 
loss and replacement predictably rose with the 
increased number of bypass grafts inserted. The 
differences, however, were not all that great. 
The effect of autotransfusion on blood loss and 
replacement as reported in the literature varies 
[5, 10, 12]. Our studies on this subject are incon- 
clusive. There was no difference in the blood 
loss between autotransfusion and control 
grcups. Blood replacement was moderately 
lower (627 vs 829 ml, p « 0.01). This seemingly 
contradictory result may be due to the fact that 
preoperative hemoglobin was about 1 gm higher 
in the autotransfusion group compared with the 
control group, a situation enabling the patients 
in the former group to withstand the same 
amount of loss with less replacement. It is in- 
teresting to note that postoperative platelet 
count and PTT were not significantly different 
between the two groups. One unit of autotrans- 
fusion is equivalent to 1 unit of platelet concen- 
trate and 1 unit of fresh-frozen plasma, a quan- 
tity hardly sufficient as a therapeutic dose for 
any coagulation anomalies. The statistical analy- 
sis confirmed the clinical impression that blood 
loss and replacement can be reduced by keeping 
pleural spaces intact. The difference, however, 
again was rather modest. The most significant 
factor influencing blood loss and replacement 
was the increasing experience of the team. Thus 
for the last 60 patients of the series, the blood 
loss and replacement were only 5096 and 3396 of 
the figures for the first 60 patients seen. It is 
reassuring to know that in our hospital the coro- 
nary bypass program accounts for no more than 
2% of total community bank requirement. The 
entire open-heart surgery program probably 
will not account for 4%. Compared with the 
expected 1096 waste caused by outdating of 
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bank blood in the course of normal operation, 
the impact of the coronary surgery program 
upon local blood bank resources can be said to 
be negligible. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the Marco Beach Hotel, Marco Island, FL, on 
November 2-4, 1978. There will be a $100 regis- 
tration fee for nonmember physicians except for 
guest speakers, authors and coauthors on the 
program, and residents. There will be a Post- 
graduate Program on Difficult Problems in Sur- 
gical Management preceding the regular pro- 
gram. This meeting has been approved for 
Category I CME credit. 

The Scientific Program will be published by 
title and authors in the September issue of The 
Annals of Thoracic Surgery. Manuscripts of pa- 


pers accepted for the program must be sub- 
mitted to The Annals of Thoracic Surgery by Oc- 
tober 15, 1973. 

Applications for membership should be com- 
pleted by September 1, 1978, and forwarded to 
Ronald F. Galloway, M.D., 1467 Harper St, Au- 
gusta, GE 30902. Hotel reservations may be 
made by writing to the Marco Beach Hotel, 400 
South Collier Blvd, Marco Island, FL 33937. 
(Phone: 813-294-2511). 


]. Kent Trinkle. M.D. 
Secretary-Treasurer 


Transfusion of 2,3 DPG-Enriched Red 
Blood Cells to Improve Cardiac Function 


Richard C. Dennis, M.D., Hertert B. Hechtman, M.D., . 
Robert L. Berger, M.D., Louis Vito, M.D., Richard D. Weisel, M.D., 


and C. Robert Valeri, CAPT, MC, USNR 


ABSTRACT Attempts were made to enhance oxy- 
gen availability in patients undergoing coronary ar- 
tery bypass operations by transfusing red blood cells 
enriched in 2,3 diphosphoglycerate (2,3 DPG) to 
150% of normal. In this study of 22 pa-ients, 11 re- 
ceived red blood cells with high 2,3 DPS levels and 
11 received red blood cells with 70% af normal 2,3 
DPG levels (control). 

Immediately following cardiopulmomary bypass 


_ the 11 patients who received high 2,3 DPG red blood 


cells had a P4, value of 31.6 mm Hg; the value in 
control patients was 28.3 mm Hg (p « (L05). Oxygen 
consumption values were 135 and 106 ml/min/m?, re- 
spectively (p « 0.05). Mixed venous oxygen tensions 
were similar in the two groups, but tne arteriove- 
nous content difference was higher in the high 2,3 
DPG group (p < 0.05). Cardiac indices increased 
significantly in response to a fluid load in the high 
2,3 DPG group compared with contrcls at compa- 
rable filling pressures. We believe the improved 
myocardial performance in response tc a fluid chal- 
lenge is a result of increased oxygen availability. 


Oxygen availability to tissues is delicately 
modulated by the body in response to changing 
local and whole-body oxygen requirements. 
When these requirements are sudcenly raised, 
the homeostatic mechanism mos: often em- 
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ployed to increase oxygen availability is an in- 
crease in blood flow. In persons who possess an 
adequate cardiac reserve, this response is suffi- 
cient and there is no need for an increase in 
oxygen extraction. 

Early after coronary artery bypass grafting the 
ability of the heart to elevate cardiac output 
may be limited. The mechanism of myocardial 
depression following cardiopulmonary bypass 
(CPB) is poorly understood, and the phenome- 
non has been ascribed both to the underlying 
cardiac disease and to inadequate intraopera- 
tive myocardial oxygenation and preservation 
[4, 8, 15]. Increased oxygen requirements in 
these patients, therefore, must be met by in- 
creased oxygen extraction, which is governed 
in part by the oxygen-hemoglobin affinity 
state. 

Weakening of the oxygen-hemoglobin bond 
permits readier escape of oxygen and facilitates 
its release to tissues. Increased temperature, 
Pco,, red cell levels of adenosine triphosphate . 
(ATP), and 2,3 diphosphoglycerate (2,3 DFG) 
and lowered pH all contribute to facilitate re- 
lease of oxygen to tissues. In the present exper- 
iment, 11 of 22 patients undergoing coronary 
bypass operations were given red blood cells 
with 70% of normal 2,3 DPG, and the other 11 
were given red blood cells with 150% of normal 
2,3 DPG. Myocardial function was studied »e- 
fore and after CPB. 


Materials and Methods 


Twenty-two patients undergoing coronary by- 
pass procedures were prospectively divided 
at random into a control and an experimental 
group, differing only in the type of blood they 
would receive during and after operation. The 
11 control patients received combinations of 
fresh citrate-phosphate-dextrose (CPD) whole 
blood, stored CPD whole blood, and stored red 
blood cell concentrates. The experimenta: or 
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high 2,3 DPG group received washed, previ- 
ously frozen red blood cell concentrates with 
150% of normal 2,3 DPG. In addition, each 
group received a mean of 1.3 units per patient 
of fresh autologous blood collected in CPD. 

At the start of the operative procedure, a 
thermistor-tipped pulmonary artery catheter 
and a brachial artery catheter were inserted. 
These catheters allowed monitoring of central 
venous pressure (CVP), mean pulmonary arte- 
ral pressure (MPAP), pulmonary arterial 
wedge pressure (PAWP), and systemic mean 
arterial pressure (MAP), as well as cardiac out- 
put. Hemodynamic measurements were re- 
corded, and blood samples were taken before 
CPB and at intervals up to 24 hours postopera- 
tively. 

Cardiac outputs were determined from the 
mean of triplicate thermodilution runs using 
either a prototype computer developed in our 
laboratory combined with verified thermistor 
calibrations or with a commercially available 
device.* Both systems have been extensively 
evaluated and correlate well with indocyanine 
green measurements of cardiac output in man 
[13, 14]. In addition to "static" measurements of 
cardiac output obtained at constant intravascu- 
lar volumes, myocardial performance curves 
were obtained immediately prior to bypass 
(pre-CPB), just off bypass (post-CPB), and 24 
hours after CPB by volume loading with crystal- 
loid, blood, or colloid. The baseline pre-CPB 
curve was obtained after cannulation by rapid 
removal of 500 to 1,000 ml of whole blood in 
aliquots. This volume was replaced again in 
aliquots of crystalloids from the prime mixture 
in the pump oxygenator. With each withdrawal 
or infusion, triplicate cardiac output determina- 
tions and all pressures were recorded. The 
withdrawn blood was preserved in CPD antico- 
agulant at room temperature and reinfused 
post-CPB (mean, 1.3 units per patient). The 
post-CPB curve was obtained by infusing 800 to 
1,200 ml of the blood remaining after bypass in 
the pump oxygenator in aliquots of 200 ml. The 
24-hour volume loading curves were performed 


by giving incremental infusions of salt-poor al- 


bumin or blood. 


*Model 601, Instrumentation Laboratories, Inc, Lexington, 
MA. 


Heparinized blood samples were drawn from 
the pulmonary artery (mixed venous) and the 
brachial artery. Blood gases and pH were mea- 
sured with conventional electrodes,* oxygen 
content and oxygen carrying capacity were de- 
termined with the Lex O, CON galvanic cell,t 
hemoglobin was measured by the cyano- 
methemoglobin method, and carbon mon- 
oxide was analyzed spectrophotometrically.t 
The in vivo P4, value was calculated from the 
Hill equation using mixed venous oxygen ten- 
sion (Pvo,) corrected to body temperature [1, 
6, 7] and oxygen saturation calculated from the 
measured oxygen content and oxygen carrying 
capacity corrected for oxygen dissolved in 
blood [12]. The in vitro P; value was obtained 
by subjecting blood to tonometry at 37°C at four 
different oxygen tensions in the 40 to 60% sat- 
uration range at a Pco, of 40 mm Hg with pH 
corrected to 7.40. The oxygen consumption 
index was derived from the product of cardiac 
index (CI) and the arterial-mixed venous oxy- 
gen content difference (C(a-v)o,). Mixed ve- 
nous blood was analyzed for red cell 2,5 DPG, 
ATP, lactate, plasma inorganic phosphorus, cal- 
cium, uric acid, creatinine, and hemoglobin [11]. 

All patients were under the care of the same 
surgeon. Each patient was heparinized during 
CPB. Anesthesia consisted of neuroleptics and 
muscle relaxants. Both ends of the saphenous 
vein bypass grafts were inserted during moder- 
ate hypothermia and high-flow (2.2 liters/ 
min/m?) CPB using a roller pump and a 
Temptrol bubble oxygenator. The aorta was 
cross-clamped for periods of no more than 20 
consecutive minutes, interrupted by 5 minutes 
of coronary perfusion. During myocardial isch- 
emia, topical hypothermia was achieved by in- 
troduction of saline slush into the pericardial 
sac. During bypass, blood, crystalloid, and col- 
loid were added to maintain the hematocrit 
near 25%. The Pall§ or the Bentley ultrapore fil- 
ter| was inserted into the coronary suction and 


"IL 313, Instrumentation Laboratories, Inc, Lexington, MA. 
tLexington Instruments, Waltham, MA. 

iCo-Oximeter, Model. 182, Instrumentation Laboratories, 
Inc; Lexington, MA. 

im Ultra Pore Filter, Paul Laboratory, Glen Cove, NY. 
|PF 127, Bentley Laboratories, Inc, Irvine, CA. 
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arterial lines. Inotropic agents were used post- 
CPB when systolic pressure was less than 90 
mm Hg in spite of a left atrial pressure (LAP) 
greater than 25 mm Hg, or when cardiac con- 
tractions appeared hypodynamic t the sur- 
geon. The intraaortic balloon pump IABP) was 
used when, in spite of inotropic agents and 
adequate volume replacement, the LAP was 
greater than 25 mm Hg, the CI less than 2 
liters/min/m?, and the systolic pressure less than 
90 mm Hg. The autologous fresh whole blood 
drawn just pre-CPB was infused in toth groups 
after CPB and heparin neutralization with pro- 
tamine. 

To prepare high 2,3 DPG red blood cells with 
decreased affinity for oxygen, red blood cells 
stored in CPD at 4°C for 2 to 5 days were incu- 
bated for 1 hour at 37°C with a solution contain- 
ing pyruvate, inosine, glucose, phosphate, and 
adenine (PIGPA Solution A) [11]. TFe biochem- 
icaly modified red blood cells were concen- 
trated by centrifugation and the supernatant 
removed. The red blood cells were slycerolized 
to a concentration of 40% wiv gycerol and 
stored at —80°C for about a year. The day before 
operation, the red blood cells were zhawed and 
washed with sodium chloride solu-ions in the 
Fenwal Elutramatic. The washed red blood cells 
were diluted with a sodium chloride-glucose- 
phosphate solution to a hematocrit value of 
40% and were stored at 4°C for 24 hours. On the 
morning of operation the washec red blood 
cells were concentrated by centrifugation and 


Table 2. Summary of Blood Transfustons (Units) 


Table 1. Characterization 
of the Patient Population? 








High 
29 
Factor Control DPG 
Severity of angina pectoris 2.86 2.82 
- (Canadian Classification 1—4} 
Left ventricular end-diastolic 11.4 11.0 
pressure (mm Hg) 
Cardiac index (litersí/min/m?) 2.57 2.89 
Ejection fraction (96) 54 61 
Duration of CPB (min) 99 87 
No. o£ grafts per host 2.36 2.11 





@None of the differences is statistically significant. 
"Canadian Heart Association angina classification: Class 
1—only with strenuous or prolonged activity, rest, 0; Class 
2—with rapid stairs, uphill, cold, or emotion, rest, 0; Class 
3—with walking one to two blocks or a flight of stairs, rest, 
0; Class 4—with any physical activity, rest +. 


the supernatant fluid removed. The concen- 
trated red blood cells, which had hematocrit 
values of 90%, were transfused through ultra- 
pore filters. One unit of previously frozen 
washed red blood cells was equal to about 90% 
of a unit of liquid-preserved red blood cells be- 
cause of loss during the freeze-thaw-wash pro- 
cess. 


Results 

The two patient groups are compared in Table 
1. They were similar in terms of severity of 
symptoms, extent of coronary artery disease, 
and preoperative left ventricular function mea- 


1 to 6 Hr 6 to 24 Hr 
Transfusion Intraoperative after Operation after Operation Total 
Control group 
Stored blood, CPD 39 22 10 71 
Fresh whole blood, CPD 11 1 RN 12 
Autologous fresh blood, CPD 15 see es 15 
Total 50 38 10 98 
High 2,3 DPG group 
150% of normal 2,3 DPG 52 10 2 64 
red blood cells 
Stored blood, CPD 2 2 7 11 
Fresh whole blood, CPD | as 2 2 
Autologous fresh blood, CPD 15 2 -— 15 
Total 54 29 9 92 
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Fig 1. Transfusions of 2,3 DPG-enriched red blood cells 
resulted in higher levels of 2,3 DPG, plasma inorganic 
phosphorus, and an increased in vivo Pay. Oxygen con- 
sumption was increased in patients given red blood cells 
high in 2,3 DPG in the period immediately after car- 
diopulmonary bypass. Both the cardiac index and ar- 
teriovenous oxygen content difference were elevated at 
this time. (0---O = preserved red cells with 70% of 
normal 2,3 DPG; e—-—e = preserved red cells with 
15096 of normal 2,3 DPG; * = p «0.05; ** = p « 0.02; 
"e = p < 0.002.) 


sured by cardiac catheterization. In the pre-CPB 
period there was no significant difference be- 
tween the two groups in any of the hemo- 
dynamic, volume loading response, or meta- 
bolic indicators measured. 

Blood transfusion data are summarized in 
Table 2. Total infused volumes were similar in 
both groups. The mean age of stored blood was 
5.5 days. The fresh whole blood was less than 
24 hours old. Each patient received at least 1 
unit of fresh autologous blood. 





The red cell 2,3 DPG, the serum inorganic 
phosphorus, and the in vivo P, levels are de- 
picted in Figure 1. Prior to CPB the 2,3 DPG 
levels were similar in both groups. During CPB 
the 2,3 DPG levels rose in the experimental 
group and fell slightly in the control group. This 
difference in 2,3 DPG levels persisted through- 
out the remaining period of observation, with 
statistical significance obtained during CPB 
(p < 0.002) and at the conclusion of CPB (p < 
0.05), a half-hour after CPB (p < 0.002), and 
again 24 hours later (p < 0.05). The in vivo P5, 
rose in bcth groups at the conclusion of CPB, 
but throughout the remaining period of ob- 
servation the value was higher in the experi- 
mental group than in the control group, with 
significant statistical differences observed at 
the conclusion of CPB (p « 0.05) and 1 (p « 0.05) 
and 3 (p « 0.05) hours post-CPB. Red cell ATP 
content and serum or plasma inorganic phos- 
phorus, creatinine, uric acid, and calcium levels 
were similar in the two groups throughout the 
experiment. Plasma hemoglobin levels showed 
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Fig 2. Transfusion of 2,3 DPG-enriched rz& blood cells 
resulted in elevated mixed venous oxygen tensions and 
reduced venous pH. (Key same as for Figtre 1.) 


no difference. There was no statistically signifi- 
cant difference in arterial and mixed venous 
pH, Po, and Pco, in the two gro. ips except a 
lower mixed venous pH in the experimental 
group 2 hours after completion of CPB (Fig 2). 

The CI was similar and relativel constant in 
both groups throughout the period of observa- 
tion except during the volume loading studies 
(see Fig 1). Oxygen consumption was similar in 
the two groups except at the conclusion of CPB, 
when patients who received 2,3 DPG-enriched 
red blood cells utilized a significantly greater 
amount of oxygen (p « 0.05). The arteriovenous 
oxygen content difference was higher in the ex- 
perimental group only at the conclusion of CPB 
(p « 0.05). The hematocrit was sightly lower 
but without statistical significance in the ex- 
perimental group just off bypess (26.5 vs 
27.5%). The body temperatures were similar in 
both groups at all times. 


10 





The myocardial function data summarized in 
Figure 3 were obtained during volume loading. 
Left ventricular function curves were con- 
structed for each patient at each of three study 
periods. 

Several cardiac outputs were determined for 
each patient at differing PAWPs. Each observa- 
tion represents the mean of sequential triplicate 
(or occasionally duplicate) CI determinations at 
the same PAWP. All points were included for 
analysis except those obtained when inotropic 
agents or IABP was used. The function curves 
in Figure 3 were constructed by calculating for 
each patient group the mean of all CI ob- 
servations falling within a wedge pressure 
range of 5 + 2.5, 10 + 2.5, 15 + 2.5, and 20 + 2.5 
mm Hg and plotting mean CI at a PAWP of 5, 
10, 15, and 20 mm Hg, respectively. The 
number of observations used to determine the 
mean CI at each range of wedge pressure ap- 
pears beside each point. Also included with 
each set of function curves is the mean of all CI 
observations and PAWP used to plot the 
curves. The curves obtained prior to CPB and 24 
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Fig 3. Fluid loading was used to increase pulmonary 
arterial wedge pressure (PAWP) in order to test cardiac 
function at aifferent filling pressures. In the period just 
off bypass, a mean of 5.4 cardiac output measurements 
(each in triplicate) was used in each patient, while 
PAWP increased an average of 11 mm Hg. The average 
of each triplicate measurement of cardiac output was 
considered tc be an independent observation. These ob- 
servations were then grouped (the number of ob- 
servations, n, is indicated next to the open or closed cir- 
cles) into four ranges of PAWP: 5 + 2.5, 10 t 2.5, 15 
t2.5,and 20 t 2.5 mm Hg. The prebypass and 24 
hour postbypass curves were analyzed in a similar 
manner. Just off bypass, the cardiac indices in the 
lower three ranges of filling pressure were significantly 
higher in patients who had received 2,3 DPG-enriched 
red blood cells. (o o = preserved red cells with 70% 
of normal 2,5 DPG; €e— — € = preserved red cells with 
150 % of normal 2,3 DPG; * = number of observations 
at each range of wedge pressure.) 








hours after CPB were similar for the two 
groups. 

The mean CI values just off bypass were sig- 
nificantly greater for the experimental than for 
the control group (2.95 vs 2.18 liters/min/m?; p < 
0.001) at similar PAWPs. Just off bypass, the 
experimental group had the higher CI at a 
PAWP of 5 mm Hg (2.94 vs 1.84 liters/min/m?; p 
< 0.05), at a PAWP of 10 mm Hg (3.04 vs 2.25 
liters/min/m?; p < 0.01), and at a PAWP of 15 
mm Hg (3.17 vs 2.20 liters/min/m?; p < 0.01). 


iO I5. 20 O 5 iO 15 
MEAN PULMONARY ARTERY WEDGE PRESSURE (mm Hg) 









20 Oo 5 IO I5 20 


It might be argued that too many degrees of 
freedom were allowed in the statistical analysis 
of the volume loading data. Even though each 
CI observation was taken at a new PAWP, it is 
possible that these observations were not truly 
independent. If the most conservative analytic 
approach is used and the degrees of freedom 
are reduced to the sum of the patients in each 
group mirus 2 (N — 2), the CIs remained sig- 


nificantly higher in patients receiving 2,3 


DPG-enriched red blood cells in the PAWP 
range of 8 to 12 mm Hg (p « 0.05). The true 
value of N — 2, or the degrees of freedom, is 
unknown but lies somewhere between these 
two analytical extremes. | 

There were no significant differences in CVP, 
MPAP, PAWP or LAP, MAP, or pulse rate at 
any time between the two groups. Pulse and 
MAP for each PAWP range are shown in Table 
3. There was no significant change of either 
variable in either group with increasing PAWP 
ranges, no- was there a significant difference 
between groups. 

Two patients in the high 2,3 DPG group and 5 
control patients required inotropic agents post- 
operatively, while IABP was used in 1 patient 
in the high 2,3 DPG group and in 2 control pa- 
tients. One control patient died. 


3 
Té 
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Table 3. Pulse Rates and Mean Arterial Pressures 
Measured at Different Pulmonary Wedge Pressures? Just off Bypass 


PPPEEER——————-———--——— ——ÓÁ———— ÓÀÀ 
Pulse MAP (mm Hg) 


PAWP Range Control High 2,3 DPG Significance Control High 2,3 DPG Significance 
KOMMEN o MM Mc aft. 


5 TER 84 + 12 NS 84 + 27 77 + 14 NS 
10 81 + 12 82 + 12 NS 82 +15 7o 11 NS 
15 84 + 12 87 + 14 NS 73 +17 73 319 NS 
20 S54 9 OL 38 NS 78 + 18 81 +15 NS 
Significance NS NS NS NS 


rn ne 
?The data on pulse and arterial pressure for each PAWP range during volume loading just after CPB show no significant 
differences (NS) between the two groups at zach PAWP range or between a PAWP of 5 and 10, 15, or 20 mm Hg in each 


group. 
Values are mean + SD. 


PAWP = pulmonary artery wedge pressure. MAP = mean arterial pressure. 


Comment 

Transfusion of red blood cells with 150% of 
normal 2,3 DPG levels during coronary artery 
bypass grafting increased the rec. blood cell 
level of 2,3 DPG and the in vivo P. These alter- 
ations were most pronounced during CPB. Im- 
mediately after extracorporeal perfusion the 


oxygen consumption rose, the a-teriovenous 


oxygen content difference increased, and there 
was a more favorable myocardial response to 
volume loading. It appears thet all these 
changes were caused by raising the red cell 2,3 
DPG levels,. which reduced the hemoglobin- 
oxygen affinity state, increased oxygen tension 
in the capillary blood, and thereby facilitated 
oxygen transfer into tissues. At th» conclusion 
of the oxygen extraction process, venous oxy- 
gen tension in the expérimental group was 
slightly higher than in the cont-ol patients. 
During the 24 hours after CPB, oxygen con- 
sumption, cardiac output, and oxygen extrac- 
tion were similar in both groups. However, 
P¥o, remained elevated in patients who re- 
ceived red blood cells high in 2,3 DPG, imply- 
ing a reserve capacity for tissue oxygen avail- 
ability. Indeed, the cardiac response to volume 
loading immediately after CPB was signifi- 
cantly improved in patients receiving red blood 
cells high in 2,3 DPG, which was most probably 
facilitated by increased oxygen availability and 
utilization by cardiac tissue. 


Table 4. Initial Survey of 13 Patients 
Undergoing Cardiopulmonary Bypass Receiving 
Acid-Citrate-Dextrose (ACD) Stored Whole 
Blood 


Just = 
Pre- after Signifi- 
Determination CPB CPB cance 


Po in vivo (mm Hg) 25.1 19.4 p<0.01 
Ps, in vitro (mm Hg) 268 21.5 p «0.005 


C(a-V)o, 3.19 4.46 NS 
Vom? 70.2 86.1 NS 

P¥o, (mm Hg) 43.1 26.8 p « 0.0005 
CI (liters/min/m?) 2.55 229 NS 


The Use of Blood Stored in ACD 


Observations of relatively normal 2,3 DPG and 
Pg, values in control patients immediately -ol- 
lowing CPB were at variance with the results of 
an earlier study, in which 13 patients were 
given acid-citrate-dextrose (ACD)- preserved 
whole blood instead of. CPD blood. An average 
of 9.6 units of ACD-preserved blood, with a 
mean age of 6.9 days, was given to each patient, 
and the effects of CPB and multiple blood trans- 
fusions on oxygen availability were studied. 
Before bypass, the mean in vivo Ps) was 25 mm 
Hg, and it decreased to 19.4 mm Hg (p « 0.01) 
after bypass (Table 4). The in vitro Ps) values 
showed similar changes: 26.8 mm Hg before 
bypass and 21.5 mm Hg after bypass (p « 
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0.005). The decreases in both in vivo and in 
vitro Ps, values were interpreted to be second- 
ary to a loss of red blood cell 2,3 DPG, al- 
though the 2,3 DPG level was not measured. 

In this earlier survey group, the CI decreased 
slightly from 2.55 liters/min/m? before bypass to 
2.29 liters/min/m’ just off bypass, while oxygen 
consumption rose slightly. In order to main- 
tain oxygen consumption, most patients were 
forced to extract more oxygen and to lower their 
venous oxygen content and tension. A few in- 
creased their CI. The large reduction in Psp 
combined with the requirement of greater oxy- 
gen extraction resulted in a very large decline in 
Pvo, (p « 0.0005). Other investigators have 
found similar decreases in P4, in patients un- 
dergoing CPB [2, 17]. The very low Pvo, im- 
plied that there was little reserve of oxygen 
pressure remaining to drive more oxygen from 
blood to tissues to meet increased tissue re- 
quirements. 


Beneficial Effects of CPD Anticoagulant 


In contrast to our initial survey with ACD- 
preserved blood, in the present study using 
CPD-preserved blood, the 2,3 DPG levels were 
comparable before and after bypass in the con- 
trol patients. In addition, in vivo Ps) values 
were unexpectedly higher following CPB (see 
Fig 1). Two factors must be considered. The 
higher pH and the amount of inorganic phos- 
phorus in CPD blood are known to maintain 
higher levels of red cell 2,3 DPG [10]. Second, in 
the present study, patients in the control group 
received 1 or more units of fresh blood as well 
as blood stored for an average of only 5.5 days. 
The result of different storage periods and anti- 
coagulants was that the 2,3 DPG level of red 
blood cells given to control patients in the pres- 
ent series was about 70% of normal while it 
was estimated to be less than 20% of normal in 
the initial survey group [10]. 

CPD, in addition to maintaining higher 2,3 
DPG levels in red blood cells, may have been 
responsible for the increased 2,3 DPG levels 
over baseline in the control patients 24 hours 
after CPB (p < 0.05). This effect could be a con- 
sequence of the presence of phosphate in the 
CPD, a necessary substrate for 2,3 DPG synthe- 
sis. A trend toward increased plasma inorganic 


phosphate levels following CPB is consistent 
with this postulate (see Fig 1). 


Hematolog:cal Effect of 
2,3 DPG-Enriched Red Blood Cells 


The direct relationship between 2,3 DPG levels 
and Ps» or the oxygen-hemoglobin affinity state 
is well known. However, other known and un- 
known factors [9] may also affect the affinity 
state. The red blood cells high in 2,3 DPG 
tended to have a slightly lower pH than those 
with 70% of normal 2,3 DPG levels. In the high 
2,3 DPG group a slightly lowered pH would 
tend to raise the in vivo Ps . This effect was 
slight since the post-CPB in vitro Ps, values, 
which were corrected for pH, were not signifi- 
cantly different from the in vivo values. The 
Pecos, red blood cell ATP, and temperature were 
similar in 20th groups. These findings suggest 
that the decreased oxygen-hemoglobin affinity 
state was induced by the high level of 2,3 DPG 
of the red »lood cells. 

The sligatly lower hematocrit values in the 
high 2,3 D?G group were most likely related to 
processing of the blood. Ten percent of the red . 
blood cells were lost during the freeze-thaw- 
wash cycle. After CPB, plasma hemoglobin 
levels in the experimental patients were similar 
to levels in the controls. This confirms previous 
work, indicating that these red blood cell con- 
centrates can withstand administration under 
pressure through ultrapore filters without ad- 
verse effects on their viability and function and 
without major hemolysis [10]. 


Myocardial Function and the 
Oxygen-Hemoglobin Affinity 5tate 
The heart may be viewed as a pump whose 
output is closely regulated by body require- 
ments of such vital substrates as oxygen. In 
man, under normal circumstances, oxygen 
availability is a function of cardiac output. In 
the presence of intrinsic disease and impaired 
myocardial reserve, the heart may be less able 
to vary its output, and body tissues must satisfy 
increased -equirements by increasing oxygen 
extraction. This is readily accomplished by 
most tissues, although not by the heart. 

The post-CPB myocardial depré$sion may be ' 
due in part to limited oxygen availability. De- 


* 
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creased oxygen availability may be related to a 
redistribution of coronary blood flow following 
coronary revascularization, with resultant re- 
gional areas of ischemia. The stress of anoxic 
arrest and pump perfusion may be the specific 
factors behind this shunting or redistribu- 
tion of coronary blood flow. Finally, the pres- 
ence of cardiac edema following CPB might 
tend to create a diffusion barrier to oxygen 
[16]. 

The transfusion of red blood cells high in 2,3 
DPG was associated with an increase in the in 
vivo Ps,, and this lowering of the affinity state 
resulted in a higher Pvo, (see Fig 2). The resul- 
tant increase in the driving force of oxygen from 
blood to tissue should provide a reserve supply 
of available oxygen, improve oxygenation of 
ischemic or edematous areas of the heart, and 
improve myocardial function. 

During basal conditions following CPB, the 
CI of the patients who received red blood cells 
high in 2,3 DPG was 2.85 liters/min/m?, whereas 
that of the control patients was 2.15 liters/min/ 
m* (see Fig 1). The reserve capacity of the heart 
to increase its work, and thus oxygen consump- 
ton, was tested with a fluid load. This chal- 
lenge was designed to raise left ventricular fill- 
ing pressure and increase stroke volume by 
means of the Starling mechanism [14]. Surpris- 
ingly, neither afterload nor pulse rate was ap- 
preciably altered during the construction of 
these curves (see Table 3). The experimental 
group with a higher Pvo, responded with sig- 
nificant increases in cardiac output at a PAWP 
of 5, 10, and 15 mm Hg compared to control 
patients (see Fig 3). This analysis assumes that 
it is statistically valid to take each cardiac out- 
put measurement made at a different PAWP as 
an independent observation. The most conser- 
vative statistical approach, which limits the 
number of observations to the number of pa- 
tients in a specific range of filling pressures, 
also shows a significant difference between the 
groups. 

The increased cardiac output is interpreted to 
be secondary to an improved contractile state of 
the myocardium as a result of improved oxygen 
availability. Twenty-four hours following CPB, 
both patient groups had elevated 2,3 DPG levels 
and increases in the in vivo Pso. Fluid loading at 


this time resulted in a good cardiac response in 
both groups. 

The in vivo Ps, value in patients who received 
2,3 DPG-enriched red blood cells was only 3.3 
mm Hg higher than that in control patients at a 
time when fluid loading demonstrated im- 
proved myocardial performance. A P, rise of 
this magnitude could, in theory,* make an 
additional 1 cc of oxygen per 100 ml of coronary 
flow available to the heart. This theoretical in- 
crease of 11.4% in C(a-v)o, and myocardial 
oxygen consumption in the experimental group 
is thought to be directly related to the 3596 in- 
crease in CI in this group. The relatively small 
increase in oxygen consumption is consistent 
with a large increase in "volume" work. For a 
given increase in cardiac work, less oxygen is 
consumed when the work increase is the result 
of an elevation in stroke volume than when ihe 
work increase results from raising afterload or 
aortic pressure [5]. 

Other factors may have played a role in im- 
proving myocardial performance in the experi- 
mental patients. First, beta-adrenergic drugs or 
IABP did not play a role since data were ex- 
cluded at times when these agents were used. 
Second, these agents were more commonly 
used in control patients. Third, it is possible 
that the citrate contained in CPD blood given to 
control patients lowered ionizable calcium and 
depressed cardiac function. More citrate was 
given to control patients who received un- 
washed CPD blood than was given to experi- 
mental patients who received frozen-thawed- 
washed red blood cells as well as some un- 
washed CPD blood. We do not believe the dif- 
ference in myocardial performance was caused 
by citrate, since the amount of citrate infused 
did not approach the amount that experimen- 
tally has been found necessary to depress car- 
diac function [3]. Finally, reduction of afterload 
decreases the work of the heart and may lead to 
increases in cardiac output. However, there 
were no significant differences in MAP be- 
tween the groups either during fluid loading or 
at basal conditions. 

The obvious question is whether, on the 


"Calculation based on a fixed coronary blood flow, fixed 
coronary sinus Po, of 22 mm Hg, and Cao, of 12.8 ml, which 
was the average arterial content in experimental patients. 
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basis of theoretical considerations and the data 
obtained in the present study, 2,3 DPG red 
blood cells should be used routinely in open- 
heart surgery. At the present time, blood with 
high 2,3 DPG content is not readily available, 
and the average open-heart operation can be 
accomplished with banked blood and blood 
products safely with a relatively low mortality 
and morbidity. However, more extensive pro- 
cedures in high-risk patients are associated 
with considerable dangers, and it is in this 
group that high 2,3 DPG red blood cells should 
improve results. Our data indicate that the 
transfusion of red blood cells with increased 2,3 
DPG levels affords improved oxygen availabil- 
. ity to all tissues, including the myocardium. 
Our plan is to administer 2,3 DPG-enriched red 
blood cells to high-risk patients who need ex- 
tensive repair of cardiac lesions. We plan to 
gather additional information, especially on 
myocardial metabolism, in an attempt to con- 
firm these observations. We hope we will even- 
tually be able to extend the use of 2,35 DPG- 
enriched red blood cells, not only to patients 
undergoing open-heart surgery but to many 
types of critically ill patients in need of blood 
transfusion. 
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Pacing at a Very Short Pulse Width 


Joel A. Tobias, M.D. 


ABSTRACT From March, 1973, to June, 1975, 112 
variable pulse width pulse generators (Medtronic 
5931, 5961) were implanted in 109 patients. The de- 
vices were used routinely with both zcute (59) and 
chronic (53) pacing electrodes. No special technique 
to obtain an unusually low pacing threshold was 
used or necessary. 

A chronic pulse width of 0.29 + 0.07 msec was set, 
and no patient had failure to pace in the absence of 
severe electrode malfunction. Follow-up of between 
two and four and a half years is available on 93% 
(104) of the series, 8 patients having been lost to 
follow-up. A total of 38 pulse generators are out of 
service because of death unrelated to pacing (11), 
death related to pacing (3), electrode malfunction 
(16), pulse generator failure (5), or miscellaneous 
causes (3). Actuarial analysis for pilse generator 
failure shows a 9296 survival at three "ears and 85% 
at four years with a total of 66 pulse zenerators re- 
maining in service. Similar analysis shows a consis- 
tent incidence of 6% per year for both 2lectrode mal- 
function from all causes and patient death from all 
causes. 

Clinical pacing at a pulse width sherter than that 
commonly used is safe and practical aad results in a 
significant increase in the longevit; of mercury 
cell-powered pacemakers. With the high cost and 
limited real-time longevity experienze with pace- 
makers powered by lithium cells. a standard 
mercury-zinc pulse generator remains an acceptable 
alternative in selected patients. 


From the first pacemaker pulse generator im- 
planted by Senning in 1958 [3] to current units 
with C-Mos circuitry and sophist.cated power 
sources, the major thrust of pacemaker de- 
velopment has been toward increzsing longev- 
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ity and reliability. Although the development 
of solid-state lithium power sources, microcir- 
cuitry, and hermetic sealing shows great prom- 
ise, meaningful real-time experience will take a 
few more years to realize. In 1973, modern car- 
diac electrodes became available; these offer a 
reduced pacing threshold [5], and the internal 
losses in mercury-zinc cells have theoretically 
been decreased by the double-layer separator 
[1]. A logical step toward increasing pulse 
generator longevity at that time seemed to be 
reduction of pacing current drain by decreasing 
either pulse width or current. This paper re- 
ports a four-year clinical experience with the 
former alternative. 


Clinical Experience 


From March, 1973, to June, 1975, 112 variable 
pulse width pulse generators were implanted in 
109 patients. Fifteen of these were fixed-rate 
(VOO) Medtronic 5931 units, 96 were demand 


. (VVI) Medtronic 5961 units, and 1 was a high- 


sensitivity demand (VVI) Medtronic 1580. Six 
patients were in the pediatric group (<16 
years), and the remainder (103) were adults 
with a mean age of 69 + 14 (all figures given 
with a plus-minus sign are one standard devia- 
tion). The indications for pacing are listed in 
Table 1. Asystole of greater than 15 seconds 
upon discontinuation of pacing was encoun- 
tered in 26 patients (24%), and they were con- 
sidered to be pacemaker dependent. 

This pulse generator was used routinely with 
acute and chronic pacing electrodes of both 
myocardial and endocardial types as listed in 
Table 2, including 10 older, large surface en- 
docardial electrodes. The pacing threshold cri- 
teria used were less than 2 ma for the acute 
electrodes and less than 3 ma for the chronic 
types as measured with a Medtronic 5880A, or 
less than 2 v at a pulse width of 0.5 msec for 
either type as measured with a Medtronic 5300 
PSA. The R-amplitude criterion was greater 
than 3 mv. No special techniques were used or 
necessary to meet these criteria, and no patient 
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Table 1. Indications for Pacing in 109 Patients 














. No. of 
Indication Patients 
Third-degree block 72 
Sick sinus syndrome 10 
Second-degree block 14 
-Atrial fibrillation 3 
Sinus bradycardia 7 
Bifascicular block 3 
Table 2. The 112 Pacing Electrodes 
Inserted in 109 Patients 

Surface 

area 
Type Maturity (mm?) Number 
Endocardial Chronic 55 10 
Endocardial Chronic 15 36 
Endocardial Acute 15 19 
Myocardial Chronic 15 7 
Myocardial Acute 12 40 


was selected out of this study on the basis of 
pacing or sensing threshold. 

The feature of interest in this series of pulse 
generators is the ability to change pulse width 
from 0.15 to 4.0 msec noninvasively [2]. After 
implantation, the pulse generators connected 
to acute electrodes were left at the original 
setting of 753 X 50 usec for one month. Pulse 
width adjustment with permanent electrodes 
was done at 48 hours after implantation to allow 
for temperature stabilization and circuit burn- 
in under load. At the time of adjustment, the 
pulse width was decreased to the measured 
minimum of 156 + 39 usec (range, 257 to 76 
psec) while a peripheral arterial pulse was mon- 
itored to assure capture. In 2 patients with 
acute electrodes, pacing threshold at one 
month after implantation was greater than 
minimum pulse width, with loss of capture 
during adjustment, and returned to less than 
minimum at two months. All others, with 
either type electrode, maintained pacing 
thresholds of less than minimum pulse width. 
The chronic pulse width was set at approxi- 
mately twice the minimum to assure a margin 
of safety. Measured chronic pulse width in this 


Table 3. Pulse Generators Out of Service 


No. of 

Cause Units 
Unrelated d2ath 11 
Related death 3 
Pulse generator failure 5 
Electrode malfunction 16 

Fracture 6 

Undersensing 7 

Exit block 3 
Miscellaneous 3 


Total 38 


group of petients is 286 + 67 usec with a range 
of 209 to 460 psec. 

Of the original 112 pulse generators, follow- 
up informetion from the pacemaker clinic is 
available on 104, with 8 lost to follow-up, giv- 
ing a 9396 follow-up rate. A total of 38 pulse 
generators are out of service for reasons sum- 
marized in Table 3. Adequate information is 
available regarding the circumstances of death 
in the 11 patients dying from unrelated causes 
to document that there was no pacing system 
malfunction. Of the deaths related to pacing, 1 
was an operative death from pulmonary em- 
bolus and 2 were from documented competition 
of intrinsic rhythm with a fixed-rate (VOO) 
pulse generator in patients thought to be pace- 
maker dependent. At present, we use no VOO 
pulse generators. No patient had an unex- 
plained sudden death. No patient suffered syn- 
copal episodes or loss of capture at these short - 
pulse widths except for the 3 with severe elec- 
trode malfunction resulting in exit block who 
could not have been paced with any generally 
available pulse generator. Miscellaneous causes 
of death included skin erosion from direct 
trauma in 1 patient, replacement of a VOO pulse 
generator because of competition in another, 
and capricious replacement at another institu- 
tion in a third patient. 

Figure 1 shows an actuarial survival curve 
analyzed for pulse generator failure. Of the 
original 112 pulse generators, 66 were still in 
service at 24 to 51 months. The three-year sur- 
vivalis 929c with 36 pulse generators in service, 
and the four-year survival is 8596 with 11 in 
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Fig 1. Actuarial analysis of pulse generatcr failure from 


all causes. 
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Fig 2. Actuarial analysis of death from all causes. 


service. Of the 5 pulse-generator failures, 1 was 
a random mode failure from a presumed com- 
ponent malfunction and 4 were early wear-out 
mode failures from premature single cell deple- 
tion. 

Figure 2 is a similarly calculated survival 
curve based on death from all caus2s. The death 
rate in patients with pacemakers is a constant 






30 40 50 


30 40 50 


696 per year, giving a predicted five-year survi- 
val of 70% and ten-year survival of 40%. 

The major complication encountered was 
pacing electrode malfunction. Figure 3 shows a 
constant 6% per year incidence of all electrode 
malfunctions by actuarial analysis. One elec- 
trode dislodgment was seen among the 19 
acute endocardial electrodes. The 3 episodes 
of exit block were all late (one to three years) and 
occurred in a random fashion. The 6 electrode 
fractures occurred in electrodes in service more 
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Fig 3. Actuarial analysis of electrode malfunction from 
all causes. 


than two years and in a random fashion. The 7 
episodes of undersensing were caused by QRS 
complexes cf adequate amplitude but unusual 
shape with respect to slew rate (dV/dt) or high- 
frequency components [4]. 


Comment 
This clinical study was undertaken to test the 
hypothesis that decreasing the pacing pulse 
width from the 0.9 to 1.6 msec commonly in use 
prior to 1973 is safe and would significantly pro- 
long pulse generator longevity. The patient 
population studied was comparable with other 
reported series with respect to patient age, in- 
dications for pacing, pacing thresholds, and the 
incidence of complications. In addition, the pa- 
tient mortality of 6% speaks eloquently of the 
need for a long-lived pacing system. _ 
Theoretically, in the absence of a significant 
incidence cf random mode failures, pulse 
generator langevity can be simply calculated 
from battery capacity in ampere-hours and pac- 
ing current drain in microamperes. The pacing 
literature is full of such predictions, few of 
which have been confirmed by real-time ex- 


30 40 50 


perience. Factors such as the time-dependent 
losses inside a power cell, a variable battery 
capacity depending upon load, the changing 
amounts of time spent pacing and sensing, and 
numerous cther factors prevent any such sim- 
ple calculation. In addition, since electrode im- 
pedance may range from 200 to greater than 
1,000 ohms, pacing current drain with this 
pulse generator may range from 2 to six ua at a 
pulse width of 0.25 msec [8]. With the many 
variables, the only valid test of a method for 
increasing longevity is to accumulate real-time 
experience end analyze it by some nonparamet- 
rc method allowing the use of multiply cen- 
sored data. The actuarial method used here ap- 
pears to be gaining general acceptance [6]. 
Ihe main concern at the beginning of this 
study was for patient safety, mainly the danger 
of loss of capture at short pulse widths. With 
modern, small surface pacing electrodes, the 
strength-du-ation curve remains flat to 0.5 msec 
and thereafter turns upward slowly, predicting 
no increased incidence of loss of capture at a 
pulse width above 0.25 msec [7]. The observa- 
tion in this series of 10096 capture at minimum 
pulse width and the documentation of no inci- 
dence of syncope or loss of capture with 93% 
follow-up confirm this prediction. Although 
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pulse generators with a 0.5 msec Dulse width 
are now commonly in use, 0.3 msec should be 
equally adequate with no decrease in safety. 
From the data reported, a convincing demon- 
stration of the effect on longevity o- decreasing 
the pulse width is impossible because of the 
lack of a comparable pulse generator. The pre- 
vious generation, that used simélar discrete 
component electronics, incorporated the origi- 
nal Mallory RM-1 cell, which is not comparable 
to the Group II cell in the Medtronic 5931 and 
5961. Most currently available puls> generators 
using this power source also have hybrid elec- 
tronics. The current Medtronic 5942 is compa- 
rable in many respects, but accurate longevity 
data-are not available from the lite-ature or the 
manufacturer. Despite the lack of a good com- 
parison, the fact remains that an 8E9» four-year 
survival can be achieved with a mercury-zinc 
power source and discrete component elec- 
tronics. Current pacemaker pulse generators 
with sophisticated electronics and power 
sources necessarily involve a steadily escalating 
cost. Perhaps a unit similar to the one used here 
can provide a lower-cost alternative in carefully 
selected patients who have serious organic car- 
diovascular disease or other conditzons limiting 


longevity. 


The 6% per year incidence of el=ctrode mal- 
function is a major source of complications. 
With small surface electrodes, pacing impe- 
dance is increased and sensing impedance is 
similarly elevated, resulting in an integrated 
QRS complex with a long duration and low slew 
rate. Recent modifications in sensing circuitry 


to adapt it to these waveforms should greatly 
reduce the incidence of this complication. Re- 
duction of the incidence of wire fracture and 
late exit block will await further materials re- 
search and the anticipated elimination of pc 
leakage. With the increasing use of long-life 
power sources, however, electrode malfunction 
is rapidly emerging as the major problem in 
clinic practice. 
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Multiple Valve Replacement: Changing Status 


Philip N. West, M.D., Thomas B. Ferguson, M.D., Richard E. Clark, M.D., 


and Clarence S. Weldon, M.D. 


ABSTRACT Review of our experience with multi- 
ple valve replacement over a 6-year period revealed a 
recent marked reduction in operative risk. Operative 
mortality for 62 patients operated on before 1974 was 
3496; for 44 patients operated on since 1974, mor- 
tality was only 1196. In both groups, mortality was 
clearly related to the preoperative cardiac functional 
status. Several recent technical advances including 
myocardial protection by topical hypothermia, short- 
ened perfusion time, and the intraaortic balloon 
pump may all have contributed to the reduced opera- 
tive risk. 


Disease of multiple cardiac valves presents a 
formidable challenge to the surgeon. The de- 
gree of cardiac decompensation is usually se- 
vere, and the hemodynamic alterations often 
result in dysfunction of other organs. Replace- 
ment of multiple diseased valves requires an 
extended period of cardiopulmonary bypass, 
and, in spite of current popular methods of 
myocardial "protection," some myocardial dam- 
age usually occurs during operation [11]. 
These factors, combined with the technical de- 
mands of replacing or repairing major portions 
of the cardiac structure, contribute to the high 
risk of surgical treatment of multiple valve dis- 
ease [6, 7, 12]. 

In this report we analyze 106 consecutive op- 
erations for multiple valve replacement per- 
formed in 102 patients during the years 1970 
through 1976. Although the population of pa- 
tients undergoing this operation has changed 
little, a reduction in operative mortality has oc- 
curred. Multiple recent changes in operative 
and postoperative management have been as- 
sociated with the reduced risk of operation. 
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Materials and Methods 


All patients undergoing replacement of multi- 
ple cardiac valves at Barnes Hospital in St. 
Louis from January, 1970, through June, 1976, 
form the basis of this report. Patients who 
underwent double valve replacement and coro- 
nary artery bypass were excluded. The hospital 
charts and perfusion records of 102 patients 
having 106 consecutive operations for replace- 
ment of multiple cardiac valves were reviewed. 
Sixty-two patients were operated on before 
1974, during the time when coronary perfusion 
was used for myocardial protection (Group 1); 
44 patients were operated on after that period 
(Group 2), and ischemic arrest and topical 
hypotherm-a [13] were employed to provide 
myocardial protection. In the 1-year period 
from July, 1976, through June, 1977, 15 addi- 
tional patients underwent multiple valve re- 
placement. For them cardioplegia in combina- 
tion with topical hypothermia was the means of 
myocardial protection. Because of the small 
number involved, the records of these more re- 
cent patien-s were analyzed only for operative 
mortality. 

Preoperative characteristics identified for 
each patient were age, sex, functional status ac- 
cording to the New York Heart Association 
(NYHA) Functional Classification, previous 
cardiac operations, electrocardiographic evi- 
dence of complete heart block or previous myo- 
cardial inferction, and the roentgenographic 
finding of cardiomegaly. The valvular hemo- 
dynamic abnormality (stenosis, regurgitation) 
and an assessment of left ventricular func- 
tion were determined from the report of the. 
cardiac catheterization. Data gathered from the 
operative period included duration of car- 
diopulmonary bypass and, for patients in 
Group 2, the aortic cross-clamp time. In the 
postoperative period, the need for cardiovascu- 
lar support with catecholamines or the intraaor- 
tic balloon pump (IABP) was noted, and the 
duration of -his support was recorded. The pres- 
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ence of ventricular arrhythmias requiring ad- 
ministration of lidocaine, procainamide, or 
ventricular pacing was recorded. Evidence of 
heart block or perioperative myocardial infarc- 
tion (MI) was sought in electrozardiograms 
made approximately one week after operation. 
When available, postmortem repo-ts were ex- 
amined to determine the cause of death and to 
identify myocardial damage that might have 
been incurred at operation. 

Double coronary perfusion was used for 
myocardial protection during multiple valve 
replacements performed prior to 1974. Com- 
bined coronary flow of 250 to 500 m1 per minute 
was delivered through left and right coronary 
cannulas during aortic and mitral valve re- 
placement. If triple valve repiacem=nt was nec- 
essary, the tricuspid valve was usually inserted 
after release of the aortic cross-camp. Mitral 
and tricuspid replacement was performed with 
intermittent aortic cross-clamping in place of 
continuous coronary perfusion. Details of car- 
diopulmonary bypass included moderate hemó- 
dilution and systemic hypothermia to 28° to 
30°C. A bubble oxygenator* was used in 59 
patients and a membrane oxygeratort in the 
remaining 3. 

Hypothermic ischemic arrest aad substrate 
priming prior to ischemia were used for myo- 
cardial protection during operations performed 
from January, 1974, through June. 1976. Local 
hypothermia was achieved by th» method of 
Griepp and associates [3], bathing the heart in 
cold (4°C) Ringer's lactate prior tc and during 
the period of aortic cross-clamping. At the ini- 
tiation of cardiopulmonary bypass, 100 gm of 
glucose, 60 units of regular insulin and 60 mEq 
of potassium chloride were added to the ex- 
tracorporeal circuit. Valve replacement was per- 
formed during one to three periods of aortic 
cross-clamping up to 90 minutes in length. 


Bubble oxygenatorst,8 were used in 31 patients 


and a membrane oxygenator] in 13. Systemic 


*Temptrol Q 100, Bentley Laboratories, Inc. Irvine, CA. 
tModulung 3000, Travenol Laboratories, Ceerfield, IL. 
IGalen Optiflo 42-200, Cobe Laboratories, Lakewood, CO. 
SHarvey H1000, William Harvey Research, 3anta Ana, CA. 
| Travenol TMO, Travenol Laboratories, Deerzield, IL. 


hypothermia and moderate hemodilution were 
routine, as in the earlier group. 

During the operation in both Groups 1 and 2, 
low cardiac output was treated by continued 
partial bypass and infusion of catecholamines. 
In patients operated on since January, 1974, if 
these measures were insufficient to improve 
and sustain cardiac performance, an intraaortic 
balloon was placed and counterpulsation was 
initiated. 

Anesthetic management was constant over 
the vears of this study. Morphine sulfate (1.0 to 


1.5 mg per kilogram of body weight) adminis- 


tered intravenously was supplemented by con- 
trolled ventilation with a mixture of nitrous 
oxide and oxygen. 

After operation, reduced cardiac output and 
arterial hypotension were treated with continu- 
ous infusion of catecholamines, including epi- 
nephrine, isoproterenol, and norepinephrine. 
After January, 1974, an additional agent, 
dopamine, was used. The IABP was used in 12 
patients operated on after January, 1974, to as- 
sist in weaning from cardiopulmonary bypass 
and to provide hemodynamic support early 
after operation. 

Controlled ventilation for a minimum of 12 
hours postoperatively was necessitated by the 
anesthetic management just described. Thereaf- 
ter, extubation was dictated by evaluation of 
serial arterial blood gases. 

Ventricular arrhythmias were managed with 
continuous infusion of lidocaine, parenteral 
administration of procainamide, or both of 
these, and occasionally by ventricular pacing. 

A temporary epicardial electrode, routinely 
placed at the time of operation, was used for 
cardiac pacing if heart block was evident post- 
operatively. In general, when heart block per- 
sisted for seven days, a permanent epicardial 
pacemaker was placed. 


Results 

Preoperative Characteristics 

Patients having multiple valve replacement be- 
fore 1974 (Group 1) included 23 males and 39 
females. Group 2, those operated on since 
January, 1974, had 11 male and 33 female pa- 
tients. The mean age of patients in Group 1 was 
45.9 + 2.3 (SEM) years and in Group 2, 49.4 + 
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2.4 (SEM) years. Differences between groups 
with regard to age and sex were not statistically 
significant by the unpaired Student f test. 

The cause of multivalvular heart disease in 
both groups was overwhelmingly rheumatic 
endocarditis. However, 3 patients (all in Group 
2) with atrioventricular canal defects required 
mitral and tricuspid valve replacement when 
primary repair resulted in residual atrioven- 
tricular valve insufficiency. Re-replacement of 
multiple cardiac valves was necessary in 5 pa- 
tients (4 previously operated on at this center): 


3 had known or suspected prosthetic wear and . 


2, prosthetic endocarditis. 

Debilitating congestive heart failure was the 
indication for operation in virtually every pa- 
tient. The distribution of patients with respect 
to preoperative NYHA Functional Classifica- 
tion is remarkably similar for the two groups. In 
Group 1, 6 patients were in Functional Class II, 
42 in Class III, and 14 in Class IV; in Group 2,3 
patients were in Class II, 27 in Class III, and 14 
in Class IV. This similarity reflects the ad- 
vanced degree of cardiac decompensation char- 
acteristic of patients with multivalvular disease. 

The distribution of diseased valves requiring 
replacement was likewise similar for the two 
groups (Table 1). 

There was no difference between the groups 
with respect to the kinds of valve disease 
(stenosis or insufficiency) or the combinations 
of valve disease, as determined by preoperative 
cardiac catheterization. Left ventricular func- 
tion was not routinely assessed by calculation 
of ejection fraction during the early years of the 
study, but for patients in whom this informa- 
tion was available, there was no difference be- 
tween the two groups. 

The ECG demonstrated previous myocardial 
infarction in 3 patients in each group. In addi- 
tion, recent myocardial infarction (less than six 
weeks previously) was present in 2 patients in 
Group 1 (unsuspected in 1) and in 1 patient in 
Group 2 (also unsuspected). Roentgenograms of 
the chest revealed cardiomegaly in all but 4 pa- 
tients in Group 1 and in all but 1 patient in 
Group 2. 

Of interest was the cardiac surgical history of 
patients having multiple valve replacement. 
Seventeen of the 62 patients in Group 1 had 


Table 1. Distribution of 106 Valves 
Requiring Replacement 


Valve 
Group AIM MIT AIT AIM/T 
Group 1 4]? 7 i 13 
Group 2 26* 6 0 12 
Total 67 13 1 25. 


"One patient had tricuspid commissurotomy. 
»Mitral commissurotomy also was performed. 
*One patient had tricuspid annuloplasty. 


A = aortic valve; M = mitral valve; T = tricuspid valve. 


previously undergone cardiac operation, but 
only 3 of 62 (5%) had had an open-heart proce- 
dure (2, open mitral commissurotomy; 1, valve 
replacement). Fourteen of the 44 patients in 
Group 2 had had previous cardiac surgery; 5 of 
these had undergone two or more procedures. 
Thirteen patients (30%) had had at least one 
previous open-heart procedure (10, valve re- 
placement; 1, mitral commissurotomy; 2, repair 
of atrioventricular canal). 


Duration of Cardiopulmonary Bypass 


The mean perfusion time for all patients hav- 
ing multiple valve replacement using topical 
hypothermia was 149 + 8 (SEM) minutes. This 
was significantly less (p « 0.001) than mean 
pump time for patients undergoing operation 
with coronary perfusion, 190 + 7 (SEM) min- 
utes. When examined in subgroups according 
to the valves replaced, duration of cardiopul- 
monary bypass was significantly shorter for 
Group 2 patients having aortic and mitral or 
triple valve replacement. No difference in 
bypass time was evident for mitral and tricus- 
pid replacement between the two groups. 

In Group 2, mean cross-clamp time for pa- 
tients having aortic and mitral replacement was 
99 + 5 (SEM) minutes and for mitral and tricus- 
pid replacement, 101 + 19 (SEM) minutes. Tri- 
ple valve replacement required 130 + 9 (SEM) 
minutes of aortic cross-clamping. 


Postoperative Cardiac Performance 

Pharmacological support was necessary in 48 of 
the 62 patients (7796) in Group 1. Five of those 
48 patients died in the operating room and 8 
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died in the postoperative period of lew cardiac 
output unresponsive to catecholamines. Phar- 
macological or mechanical (IABP) support or 
both were used in 30 of the 44 patients (68%) in 
Group 2. Four of these 30 patients died intra- 
operatively of low cardiac output in spite of 
catecholamine and IABP support Thus, the 
proportion of patients requiring postoperative 
hemodynamic support was similar for the two 
groups. 

The length of time of pharmacolcgical or me- 
chanical cardiovascular support or both for pa- 
tients leaving the operating room was also simi- 
lar in both groups. In Group 1, mean time of 
catecholamine support was 35 + 7 (SEM) hours. 
If patients who died in the postoperative period 


are excluded (12 patients, of whom 8 died of 


low cardiac output), this figure is 26 + 6 (SEM) 
hours. In Group 2, mean duration of phar- 
macological or mechanical support or both was 
25 + 4 (SEM) hours. 

Ventricular arrhythmias requiring continu- 
ous infusion of lidocaine, parente-al adminis- 
tration of procainamide, or ventri-ular pacing 
occurred less frequently in Group 2. Thirty-four 
of 53 patients (64%) in Group 1 compared with 
only 17 of 39 patients in Group 2 (4496) (p — 
0.05) had such arrhythmias. 

Perioperative MI was found at postmortem 
examination or was diagnosed by the appear- 
ance of new Q waves in the postoperative ECG 
in 5 of 53 patients (9.496) in Group 1 and 3 of 30 
patients in Group 2 (1096) for whom this infor- 
mation could be obtained. The dexelopment of 
complete heart block prevented e-ectrocardio- 
graphic diagnosis of infarction ia some pa- 
tients. Four of the 5 patients in Group 1 who 
sustained perioperative MI died, but none of 
the 3 in Group 2 died. 


Complete heart block requiring the place- 
ment of a pacemaker complicated multiple 
valve replacement 8 times in Group 1 and 10 
times in Group 2. This difference was not statis- 
tically significant. Heart block was most fre- 
quent after procedures that included tricuspid 
replacement. 


Operative Mortality 


Twenty-one of the 62 patients in Group 1 
(33.996) died within thirty days of operation 
and 5 of the 44 patients in Group 2 (11.4%) (p « 
0.01). Two late hospital deaths in Group 2 were 
related to complications from operation: wound 
infection in 1 and anoxic brain damage in the 
other. No late hospital deaths occurred in 
Group 1. Only 1 operative death (6.796) oc- 
curred in the 15 patients who underwent multi- 
ple valve replacement between July, 1976, and 
June, 1977, when cardioplegia and topical 
hypothermia were used for myocardial protec- 
tion. 

Thirteen patients in Group 1 and 4 patients in 
Group 2 died of low cardiac output unrespon- 
sive to supportive measures. This was the most 
frequent cause of death in both groups. Only 
catecholamines were available for postoperative 
hemodynamic support in Group 1; in contrast, 
the IABP was used in 12 of the 44 patients of 
Group 2. However, of 9 patients treated with 
the IABP who left the operating room, 4 did not 
require concurrent infusion of catecholamines. 
Therefore, a critical role for the IABP can be 
inferred in only 5 patients. 

Technical errors were less often the cause of 
death. One patient in each group died of 
hemorrhage from the posterior atrioventricular 
groove following operations that included mi- 
tral valve replacement. 


Table 2. Operative Mortality with Regard to Valve Replaced 





Group AIM MIT 
Group 1 11/41 (27%) 
Group 2 3/26 (12%) 

p Value p < 0.28 


"Comparison of Groups 1 and 2 by unpaired t test. 


A = aortic valve; M = mitral valve; T = tricuspid valve. 


417 (57%) 
1/6 (17%) 
p «0.2? 


Valve 
A/M/T AIT 


5/13 (38%) 
1/12 (8%) 
p < 0.1? 


1/1 (100%) 
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Table 3. Operative Mortality by Preoperative 
New York Heart Association Functional Class 


Functional Class 


Group II MI IV 

Group 1 0/6 (0%) 13/42 (31%) 8/14 (57%) 

Group 2 1/3 (33%) 0/27 (0%) 4/14 (29%) 
Total 


1/9 (11%) 13/69 (19%) 12/28 (43%) 


Mortality according to valves replaced is illus- 
trated in Table 2. A reduction in mortality for 
every subgroup is evident in those patients op- 
erated on since 1974. These differences only ap- 
proach statistical significance because of the 
size of the population. 

Risk of operation correlated with preopera- 
tive NYHA Functional Class (Table 3). Of spe- 
cial interest, in Group 2, all 4 patients who died 
of low cardiac output had Class IV cardiac dis- 
ability before operation. Previous cardiac oper- 
ation did not increase or decrease the risk of 
multiple valve replacement. One of 3 patients in 
Group 1 and 2 of 13 patients in Group 2 who 
had undergone a previous open heart proce- 
dure died following multiple valve replace- 
ment. 


Comment 


We cannot implicate any single factor as the 
cause of the reduced operative mortality that 
was observed in these very ill patients. The 
technique of myocardial protection during op- 
eration was used to retrospectively identify pa- 
tient Groups 1 and 2. However, at the same 
time that topical hypothermia was adopted for 
use, substrate priming of the extracorporeal cir- 
cuit with glucose, insulin, and potassium be- 
came our standard practice. The IABP became 
available for use in our institution in late 1973; 
as a result, it was used only in patients of Group 
2. Increasing experience of the surgeons may 
have contributed to the lower operative mor- 
tality observed in more recent years. 

The two groups we have compared retro- 
spectively were very similar in preoperative 
characteristics. Comparison of patients in 
Groups 1 and 2 with regard to preoperative 
functional status suggests that our cardiologists 


are not referring patients for operation at an 
earlier stage of disease. The case for surgical 
intervention before irreversible deterioration of 
ventricula- function was well stated by McGoon 
[9]. Our recent experience supports this theory 
since all ceaths due to low cardiac output in 
Group 2 occurred in patients with Class IV car- 

diac disability preoperatively. | 

The only apparent difference between the 
groups preoperatively was the cardiac surgical 
history. Oaly 3 of 62 patients in Group 1, but 13 
of 44 patients in Group 2 had undergone previ- 
ous open-heart surgery. To some degree, no 
doubt, this reflects the evolution of cardiac sur- 
gical practice. It was our expectation that the 
history of a previous open-heart procedure 
would have a negative effect on operative mor- 
tality; in fact, neither a positive nor a negative 
effect was observed in either group. 

A significant reduction in cardiopulmonary 
bypass time was observed in patients of Group 
2, reflecting markedly shorter perfusion times 
for the su»groups having aortic and mitral or 
triple valve replacement. We believe that short- 
ening of pump time is a result of the technical 
simplicity of myocardial protection by topical 
hypothermia, and this conclusion is supported 
by the observations of others [8, 11]. 

The incidence of perioperative MI in our se- 
ries is similar to that reported by others for pa- 
tients hav-ng valve operations [1, 8, 11] and is 
likely an underestimate of the true incidence of 
myocardial ischemic injury due to the limita-. 
tions of the diagnostic methods employed. 

Topical hypothermia for myocardial protec- 
tion, substrate priming prior to ischemia, and 
shortened perfusion time did not result in im- 
proved cardiac performance in the immediate 
postoperative period. A significant reduction in 
the incidence of serious ventricular arrhythmias 
was obse-ved in Group 2, and although 2 
deaths in roup 1 resulted from intractable ar- 
rhythmias, none occurred in Group 2 from this 
cause. Two other crude indexes of postopera- 
tive cardiac performance—namely, the pro- 
portion o- patients in each group requiring 
pharmacological or mechanical hemodynamic 
support ar.d the duration of that support—failed 
to detect any difference between the two groups. 
Karp and Lell [5] reported no difference in the 
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need for catecholamine support in two groups 
of patients having aortic valve replacement, one 
group having coronary perfusion and the other, 
hypothermic ischemic arrest for myocardial 
protection. A prospective randomized study 
from the same institution had previously 
shown no advantage for either metaod of myo- 
cardial protection with regard to postoperative 
cardiac performance or operative mortality [11]. 

The contribution of the IABP to the reduction 
of operative mortality since Januar”, 1974, can- 
not be separated from beneficial effects of other 
changes in operative and postoperative man- 
agement introduced at the same time. Five 
patients were successfully supported after oper- 
ation only with the combination of catechol- 
amine infusion and IABP support, suggesting a 
critical role for the latter in their survival. 

Reported series of multiple valve replacement 
are relatively infrequent, perhaps in part be- 
cause of the high mortality associazed with the 
operation. Our results before 1974 are similar to 
those reported by Starr and associztes [12] and 
Cooley and co-workers [2] in small, early series 
and later by a cooperative study wh.ch included 
several cardiac surgical centers [7]. More favor- 
able results were reported in two larger series, 
one in which topical hypothermia was used for 
myocardial protection [4] and tbe other in 
which coronary perfusion was used [10]. The 
operative mortality we have experienced since 
1974 is similar to that reported recently by Ber- 
cot and co-workers [1]. Griepp and associates 
[3] performed 31 multiple valve replacements 
without a death. 

In conclusion, we have observed a reduction 
in operative risk for patients undergoing multi- 
ple valve replacement. Recent technical ad- 


vances, including topical hypothermia for myo- 
cardial protection, shortened perfusion time, 
and use of the IABP have all contributed to the 
reduced risk of multiple valve replacement. 
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The Blalock-Taussig Shunt in the First Two 
Years of Life: A Safe and Effective Procedure 


Kenneth R. T. Tyson, M.D., A. J. Larrieu, M.D., 


and J. T. Kirchmer, Jr., M.D. 


ABSTRACT Many surgeons have been reluctant to 
perform Blalock shunts in patients who are in in- 
fancy or early childhood (< 24 months old) and have 
done instead direct aortopulmonary anastomoses. 
Recently, others have advocated complete repair of 
tetralogy of Fallot in early infancy because of the 
high mortality of direct aortopulmonary shunts. We 
believe the Blalock-Taussig anastomosis is a safe 
and effective palliative procedure for all infants with 
inadequate pulmonary blood flow regardless of size. 

During the past nine years, 24 babies less than 2 
years old who were followed had construction of 
Blalock-Taussig anastomosis for inadequate pulmo- 
nary blood flow. There were no operative deaths and 
no shunt-related late deaths. Of the 24 babies, 12 
were less than 12 months old. Eighteen of the 24 had 
tetralogy of Fallot. The remaining 6 had a variety of 
lesions with inadequate pulmonary blood flow. The 
mean weight of the entire group was 7.3 + 1.6 kg. Of 
those infants less than 12 months old, the mean 
weight was 6.8 + 2.0 kg. More than 6 months follow- 
ing construction of the shunt, 2 babies died from 
sepsis unrelated to cardiovascular status. All infants 
had adequate but not excessive pulmonary blood 
flow after shunting. There were no late shunt fail- 
ures. 


The palliative surgical treatment of cyanotic 
congenital heart disease with inadequate pul- 
monary blood flow was accomplished by 
Blalock and Taussig [2] in 1945 by construction 
of a subclavian artery to pulmonary artery anas- 
tomosis. Since that time, several anatomical 
variations on this principle of increasing pul- 
monary blood flow have been successfully in- 
troduced [7, 9]. More recently, total repair in 
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infancy for cyanotic congenital heart disease 
has become increasingly popular. 

Despite the recent reports from some centers 
[1, 3, 8] in which good results have been ob- 
tained with correction in infancy, we believe 
svstemic- pulmonary artery shunts still play an 
important role in the treatment of cyanotic heart 
disease. This report reviews our results with 
the Blalock-Taussig shunt in the treatment of 
babies with inadequate pulmonary blood flow 
who are less than 2 years old. 


Material and Method 


In a nine-year period from January, 1968, to 
January, 1977, 24 patients less than 24 months 
old underwent a Blalock-Taussig anastomosis. 
There were 15 boys and 9 girls. Half of the in- 
fants were less than 12 months old, the 
youngest being 8 days old and weighing 3.6 kg.. 
The mean age of all patients was 11 + 5 months 
and in the infants less than 12 months old, the 
mean age was 7 + 4 months. Figure 1 shows the 
distribution of patients by age at the time of the 
shunt. The mean weight of all the patients was 
7.3 + 1.6 kg, while that of the infants less than 
12 months old was 6.8 + 2.0 kg. Figure 2 shows 
the distribution of the weights of the patients at 
the time of shunting. Note that there is little 
difference in weight distribution between the 
first and second years of life. | 

The frequency of the congenital heart defects 
requiring systemic- pulmonary artery shunt are 
given in the Table. The most frequently en- 
countered was tetralogy of Fallot. Seven of the 
12 infants who were less than 12 months old 
had this defect. 

The indications for the procedure were 
cyanosis, irritability, hypoxic episodes, and 
progressive diminution of exercise tolerance. 

The operation is performed through a pos- 
terolateral thoracotomy with entry into the chest 
through the fourth intercostal space. The inci- 
sion is usually made on the side on which the 
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Fig 1. Distribution of patients by age at the time of 
shunting. 
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Fig 2. Distribution of patients’ weights at the time of 
shunting. 


subclavian artery arises from the inr.ominate ar- 
tery. The pulmonary artery is dissected from 
the surrounding structures, and the subclavian 
artery is dissected up to the vertebral artery. 
The vertebral artery is ligated after it has been 
camped proximally, the subclavien artery is 
divided in such a way that it includes the prox- 
imal part of the vertebral artery, ancl the vessel 
is delivered anterior to the recurrent laryngeal 
nerve. Dissection is carried out arcund the in- 
nominate and associated carotid arteries, pro- 
viding added length and mobility. The cut end 
of the subclavian artery is incised -hrough the 
cut end of the vertebral artery branch, creating a 
large, spatulated area for the anastomosis. The 
patient is not heparinized. The anzstomosis is 
then done to the ipsilateral main pulmonary ar- 
tery. The posterior suture line is made with 
continuous everting 6-0 suture and the anterior 


Intracardiac Defects Treated by Blalock-Taussig 
Shunt in Infancy 


Infants Infants 
8 Days to 12-22 
12 Mo Old Mo Old 
Defect (3.6—9.2 kg) (4.6-10.0 kg) 
Tetralogy of Fallot 7 11 
TGA with PA 2 
DORV with PS 1 
TA 1 1 
TGA with TA 1 
Total 12 12 


TGA = transposition of the great arteries; PA = pulmonary 
atresia; DORV = double-outlet right ventricle; PS = pul- 
monary stenosis; TA = tricuspid atresia. 


anastomosis with interrupted everting sutures. 
The anastomosis is always considerably larger 
than the bore of the proximal subclavian artery. 

In this series, no major intraoperative com- 
plications occurred and a shunt murmur was 
audible after operation in all patients. 

During the same period, planned Waterston 
shunts were performed in 7 infants. The pa- 
tients ranged from 2 weeks to 4 months old. 
Three had tetralogy of Fallot, and the Waterston 
shunt was elected early in the series (prior to 
1971). The other 4 had hypoplastic right ventri- 
cle or pulmonary atresia with an intact sep- 
tum, and the shunt was done in conjunction 
with closed relief of right-sided outflow ob- 
struction through a median sternotomy. 

A Blalock-Taussig shunt was performed in 
every child for whom it was planned. The pro- 
cedure never had to be given up because of in- 
adequate subclavian artery size or length. In all 
patients but 2, the innominate subclavian ar- 
tery was used and in those 2, a retroesophageal 
aberrant subclavian artery was used. In all pa- 
tients, the configuration of the brachiocephalic 
vessels was known from preoperative angiog- 
raphy. Eight of the 24 babies were operated on 
within four hours of cardiac catheterization and 
represented surgical emergencies. 


Results 


In this series of 24 consecutive patients who 
were less than 24 months old, there were no 
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operative deaths. Two patients died following 
discharge from the hospital. One who had te- 
tralogy of Fallot and was 11 months old at the 
time of operation died of viral meningoen- 
cephalitis two years following the shunt. The 
other patient was 14 months old at the time of 
operation and did well for the first year follow- 
ing the shunt. The baby was subsequently ad- 
mitted with viral pneumonia and died of respi- 
ratory insufficiency. The late mortality was 2 of 
24 patients (8%), while the mortality in the sub- 
set of patients less than 12 months old was 1 of 
12 (8%). Neither death appeared related to the 
cardiac status of the patient. 

Four of the patients required digitalis post- 
operatively for congestive heart failure. One 
older patient with tricuspid atresia who had 
undergone a previous Waterston shunt else- 
where required partial banding of the subcla- 
vian artery two days following the Blalock- 
Taussig anastomosis for control of congestive 
failure. 

There had been no shunt failures at the time 
of writing. All patients had been seen at three- 
to six-month intervals; shunt patency had been 
assessed by an audible shunt murmur, by satis- 
factory ear oximetry, and by angiography when 
another operative procedure was planned. Of 
the babies less than 12 months old at the time of 
shunting, 2 with tetralogy of Fallot were await- 
ing complete repair, as were the 2 with trans- 
position of the great arteries and pulmonary 
artery atresia. Their shunts were patent and 
functioning well clinically. With 2 exceptions 
the other survivors had complete repair with 
ligation of the shunt; those exceptions, the 2 
patients with tricuspid atresia, had a Glenn 
shunt performed distal to the Blalock-Taussig 
anastomosis when they were 4 and 5 years 
old. The Blalock shunt continued to supply 
blood to the left lung in both children. 

Of the babies more than 12 months old when 
the shunt was made, 2 with tetralogy of Fallot 
were awaiting complete repair with shunts 
functioning well clinically. The remaining sur- 
vivors had complete repair with shunt ligation. 
The child with tricuspid atresia had a well- 
functioning shunt clinically and will have a 
Glenn shunt in the near future. 


~ 


Comment 

In the past several years, many investigators [5, 
6, 10] have thought that the Blalock-Taussig 
anastomosis is the  systemic-pulmonary 
artery shunt of choice for patients of all ages. 
Neches and associates [6] reported a lower 
morbidity and mortality with the Blalock- 
Taussig anastomosis than with other types of 
systemic-pulmonary shunts, even in infants 
less than 12 months old. With recent advances 
in techniques of small arterial anas- 
tomosis, it has become apparent that a Bla- 
lock-Taussiz anastomosis is technically feasi- 
ble in infants who are less than 12 months old. 
It also appears from this series and from others 
[3, 5, 6, 10] that these anastomoses are satisfac- 
tory. It is possible even in the smallest infant to 
construct quite a large anastomosis without fear 
of overwhelming the pulmonary volume over- 
load since the major factors limiting pulmonary 
shunt flow are the length and bore of the sub- 
clavian artery. In this series, babies less than 12 
months old did not require a second palliative 
procedure in the ensuing 295 patient-months 
following the Blalock-Taussig anastomosis. 
Wood and zo-workers [10] and Chopra and col- 
leagues [3] reported similar results. However, 
Kaplan anc associates [4] reported the need of a 
second palliative procedure in 4596 of babies 
who underwent a Blalock-Taussig shunt in the 
first 12 months of life. 

In tetralcgy of Fallot, two methods—total re- 
pair and shunting—are available for the treat- 
ment of inadequate pulmonary blood flow in 
the first 2 years of life. Barratt-Boyes and co- 
workers [1], Sade and associates [8], and others - 
have recommended total repair. Their justifica- 
tion for this approach is based on a high opera- 
tive mortality for shunting and on a high mor- 
tality during the interval until total repair. In 
contrast, we have chosen to perform a Blalock- 
Taussig shunt in this age group and then total 
repair at a .ater date. In this series 18 babies had 
tetralogy of Fallot, and there were no operative 
deaths with the construction of a Blalock- 
Taussig anastomosis. Two of the 18 died follow- 
ing discharge from the hospital from non- 
cardiac-related causes. Therefore, we believe 
that a palliative Blalock-Taussig anastomosis in 
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infancy is a reasonable alternative to early total | 


correction in tetralogy of Fallot. 

It is our impression that a Blalock-Taussig 
shunt, in contrast to direct aortopulmonary 
anastomoses, can be performed in the first 2 
years of life with a low morbidity and mortality. 
The anastomosis in these infants can be con- 
structed with excellent results. Division of the 
subclavian artery at the vertebral artery and 
subsequent construction of the anastomosis at 
this widened point facilitate the anastomosis.. 

This series supports the conclusions of Laks 
[5], Neches [6], Wood [10], Chopra [3], and their 
co-workers in suggesting that the Blalock- 
Taussig shunt should be the procedure of choice 
in small babies for palliation of symptomatic 
cyanotic heart disease associated with inade- 
quate pulmonary blood flow, including tetral- 
ogy of Fallot. 
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Erratum 

In the article "The Effect of Glucagon in Ani- 
mals on Chronic Propranolol Therapy" by 
Peterson, Lucchesi, and Kirsh (Ann Thorac 
Surg 25:340, 1978), the dosage of glucagon is 


incorrectly listed as 0.13 ug/kg/min in three 
places: the abstract, p 341, and p 345. The cor- 
rect dosage is 0.8 wg/kg/min. 


The Effectiveness of Surgical 
Treatment of Acute Aortic Dissection 


Clarence S. Thomas, Jr., M.D., William C. Alford, Jr., M.D., 
George R. Burrus, M.D., Robert A. Frist, M.D., and William S. Stoney, M.D. 


ABSTRACT Ten consecutive patients have under- 
gone operative repair of acute aortic dissection at St. 
Thomas Hospital in the last three years. Two died. 
To assess the status of the residual aorta, all 8 sur- 
vivors were evaluated by postoperative aortography. 
Only the patient with a clotted dissection on pre- 
operative study showed no residual dissection of the 
distal aorta. Analysis of postoperative aortograms 
suggests that the original dissection reentry points 
become sites of inflow following removal of the 
original intimal tear. No death resulted from these 
residual abnormalities. Retrograde dissection and 
aortic insufficiency were obliterated. The major sites 
of aortic rupture were removed. It is concluded that 
surgical therapy for acute aortic dissection is effec- 
tive in that it avoids the major sources of mortality. 
The resultant surviving population must be carefully 
observed in view of the high frequency of residual 
aortic abnormality. 


A growing body of experience has defined the 
limits of pharmacological treatment of acute 
aortic dissection. The rate of survival with med- 
ical therapy has increasingly been surpassed by 
that of.early surgical intervention [2—4]. As the 
population of patients who have survived oper- 
ative repair grows, the long-term effectiveness 
of the procedure can be subjected to more in- 
tensive scrutiny. 

Surgical therapy for extensive aortic dissec- 
tion has certain inherent limitations. Most 
prominently, although the intimal tear (consid- 
ered the site of origin) can be removed, the en- 
tire affected aorta usually cannot be replaced. 
The status of the residual aorta following correc- 
tion of the intimal tear and obliteration of distal 
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and proximal false lumens has not been sys- 
tematically evaluated. In an effort to elucidate 
the status cf the residual aorta, all our patients 
surviving r2pair of acute aortic dissection over 
the last three years were subjected to follow-up 
aortographv. The residual abnormalities dem- 
onstrated a-e sufficiently striking to emphasize 
the necessity of scrupulous long-term surveil- 
lance of such patients. 


Material and Methods 


For the past three years, an aggressive surgical 
approach tc acute aortic dissection has been fol- 
lowed at St. Thomas Hospital, Nashville. When 
the possib:lity of aortic dissection is enter- 
tained, pharmacological control of hyperten- 
sion is imrrediately begun. Aortography of the 
entire thoracic and abdominal aorta is quickly 
accomplished. Operation is recommended in all 
patients w:th acute aortic dissection and is 
undertaken if possible within 12 hours of ad- 
mission. Caly patients with clear contraindica- 
tions to operation are continued on medical 
therapy alcne. The only departure from this 
protocol is in the case of the patient with con- 
trollable hypertension and symptoms, a throm- 
bosed false lumen, and a dissection beginning 
either dista. to the left subclavian artery or at an 
undefinable point. We are unaware of data 
supporting an early surgical approach to the last 
group. 

Dissections originating in the ascending 
aorta are approached through a median ster- 
notomy with standard cardiopulmonary bypass 
and femora artery inflow cannulation. Myocar- 
dial proteccion during aortic cross-clamping 
was initially accomplished with coronary per- 
fusion and more recently by topical hypother- 
mic arrest with infusion of the aortic root with a 
cold cardioplegic solution. The aorta containing 
the intimal tear is resected. Each end is over- 
sewn with a layer of Teflon-felt material inside 
and outside the aorta. The procedure is per- 
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formed so as to suspend the aortic valve leaflets, 
producing a competent valve. Resection of the 
aorta stops short of the coronary ostia, and the 
sinuses of Valsalva are not excised m their en- 
tirety. A woven Dacron or Teflon gratt is inter- 
posed to replace the excised ascending aorta. If 
suture line bleeding occurs, the anastomoses 
are wrapped with woven graft material. 

The operative approach to dissection 
originating distal to the left subclavian artery 
is through a standard left posterolateral 
thoracotomy. Femoral vein to femoral artery 
bypass utilizing a pump oxygenatcr was used 
in all patients in this report. High flows of more 
than half the estimated cardiac output are main- 
tained during cross-clamping. The proximal 
aortic cross-clamp is placed between the left 
subclavian artery and the left carotid artery. The 
distal clamp is applied beyond the obvious an- 
eurysmal bulge. The entrance tear and adjacent 
aorta are excised. Again, each open end is re- 
paired by oversewing intima to adventitia with 
Teflon-felt strips inside and outside the aorta. 
(The proximal suture line has consistently been 
placed just distal to the left subclavian artery.) 
A woven tube graft is then interposed by a 
single layer of suture to the buttressed aorta 
above and below. 

During the past three years, 14 patients with 
acute aortic dissection were seen in consulta- 
tion. This group does not include patients with 
iatrogenic dissection related to cardiopulmo- 
nary bypass. Four patients did net undergo a 
complete operation. One refused operation and 
died during the course of medical therapy. An- 
other was successfully treated without opera- 
tion at the insistence of his physician. A third 
had necrotic bowel when first seen and died. In 
a fourth patient, the aorta ruptured with exsan- 
guination before cardiopulmonary bypass 
could be instituted. The remaining 10 patients 
all underwent operation as described and are 
the subject of this study. All survivors have had 
repeat aortography subsequent to operation. 


Results 


Among the 10 patients undergoing operative 
repair for acute aortic dissection, the origin of 
the dissection was the ascending aorta (De- 
Bakey type 1 [5]) in 5 and the descending aorta 


just distal to the subclavian artery (DeBakey 
type III) in 5. Preoperative aortography showed 
contrast material within the false lumen in 9 of 
the 10 patients. False lumen filling extended into 
the abdominal aorta in each of these 9. The 
single patient with nonvisualization of the false 
lumen had a type III dissection with uncon- 
trolled hypertension and left hemothorax. 

Two of the individuals with type I dissection 
had a pulseless lower extremity when first seen, 
and 1 patient with a type III dissection man- 
ifested intermittent unilateral loss of femoral 
pulse with lower extremity ischemia. All lower 
extremity pulses returned in the postoperative 
period. Aortic insufficiency was present prior 
to operation in 4 of the 5 patients with type I 
dissection. 

Four of the 5 patients operated on for type I 
dissection survived operation and remain alive. 
The death occurred secondary to a consumptive 
coagulopathy that had been present along with 
anuria before the operation. The patient 
who died was the only one with chronic aortic 
insufficiency and the only one in whom the aor- 
tic valve was replaced. Of the 4 survivors, 2 
underwent operation more than a year ago. 
None of the 4 has demonstrable aortic valve in- 
sufficiency. One patient has a bruit in the right 
neck with a decreased right carotid pulse but no 
neurological symptoms. There are no other pe- 
ripheral pulse abnormalities and no anomalies 
thought to be related to ischemic viscera. 

Similarly, 4 of the 5 patients with type IH dis- 
section survived. The single death occurred in 
the immediate postoperative period from per- 
sistent suture line bleeding. All survivors have 
passed more than one year since operation, and 
none show peripheral pulse abnormalities or 
evidence of visceral ischemia. One patient has 
undergone replacement of the infrarenal aorta 
for progressive aneurysmal dilatation of that 
portion of the aorta. 

Postmortem examinations were pertormed 
on both patients who died. As described, 
neither died from residual dissection. In both, 
the residual false lumen was patent throughout 
the abdominal aorta. 

All 8 surviving patients underwent sub- 
sequent thoracic and abdominal aortography. 
Two were studied during the initial hospitaliza- 
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Fig 1. Aortogram, with line interpretation, in the only 
& & l 

patient with no opacification of the false lumen on pre- 
operative study. 
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Fig 2. Postoperative aortogram after repair of a type 1 
aneurysm. (A) Catheter through the left femoral artery 
opacifies a blind-ending false lumen in the chest. (B) 
The left renal artery opacifies from the false lumen in 
the abdomen. 
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Fig 3. Second postoperative aortogram in the same pa- 
tient as in Figure 2, this time through the right 

femoral artery into the true lumen. No false lumen fills 
in the chest. Indentations of pledgets can be seen at 
graft suture lines. 


Fig 4. Abdominal phase of the same study shown in 
Figure 3. Contrast matertal is seen entering the false 
lumen at the left iliac artery (arrow in A) and filling the 
left renal artery from the false lumen (arrow in B). 





tion, the remainder from 3 to 22 months post- 
operatively. There were no complications from 
restudy. In all studies, graft suture lines were 
evident because of the felt buttresses at the 
anastomoses. The buttressed suture lines im- 
pinged on the aortic lumen but did not obstruct 
flow or produce a pressure differential. There 
was no residual proximal dissection in any pa- 
tient. The aortic valve was competent in all 4 
patients who had repair of type I dissection. 

Seven of 8 patients demonstrated significant 
residual false lumen filling beyond the area re- 
paired in operation. The only patient with no 
residual dissection was the one in whom the 
dissection had failed to opacify at preoperative 
study (Fig 1). A clotted false channel was ver- 
ified in the operating room in this patient. Five 
of 7 patients with residual false channels 
showed false channel filling of the thoracic 
aorta. Infrarenal double channels were de- 
lineated in all 7. Two patients demonstrated no 
false lumen filling except at the level of what 
was interpreted to be an iliac artery reentry 
point. In these 2 patients, retrograde flow from 
the iliac reentry site filled the abdominal aortic 
false lumen. In 1 of these, the left renal artery 
derived its entire blood supply from the false 
lumen supplied from this iliac artery orifice 
(Figs 2, 3, 4). 
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Comment 

The finding of persistent aortic dissection distal 
to the site of aortic repair is initially disquiet- 
ing. Although previous isolated examples of re- 
sidual distal dissection have been reported [1, 
9, 11-13, 16], we did not anticipate the consis- 
tency of this abnormality. The fact remains that 
no death, either early or late, has resulted from 
this residual distal aortic abnormality. Mor- 
tality in this patient group was related wholly to 
selection for operation and technical perfor- 
mance of the procedure. The success of the op- 
eration is considered to be related to its eradica- 
tion of the major causes of death. Mortality in 
acute aortic dissection is only infrequently the 
result of distal aortic abnormality. Rather, in 
approximately 80% of patients prior to modern 
therapy, death was related to aortic rupture 
either at the site of intimal tear or into the 
pericardium or pleura by retrograde dissection 
[8]. The consistent obliteration of retrograde 
dissection obviates rupture into the pericar- 
dium. Removal of an expanding aneurysm at 
the site of the thoracic aortic intimal tear in type 
III aneurysms likewise removes a major source 
of rupture. Further, adequate suspension of the 
aortic valve minimizes the possibility of con- 
gestive failure resulting from acute aortic insuf- 
ficiency [11, 12]. Moreover, it is our unsubstan- 
tiated opinion that many of the deaths not 
related to aortic rupture or to aortic valve insuffi- 
ciency are secondary to visceral or neurological 
ischemia. The ischemic damage is frequently 
established and irreversible before the opera- 
tion can be instituted. The surgical procedures 
performed, therefore, directly repair the source 
responsible for as many as 90% of the deaths 
from acute aortic dissection in patients poten- 
tially salvageable when first seen for surgical 
consultation. Viewed from this perspective, the 
success of current surgical therapy is to be an- 
ticipated. If this thesis is valid, the decision to 
consistently use a surgical approach to acute 
aortic dissection hinges not on the nature of the 
surgical procedure but on the surgeon's ability 
to achieve consistent operative survival. 

Seven of 8 survivors clearly showed flow of 
contrast material in the distal aortic false lumen 
at postoperative aortography. In 5 of the 7, the 
site of contrast entrance into the false lumen 
could not be definitely delineated. Operative su- 


1978 


ture lines do not appear to be the source. This 
interpretation is supported by the absolute ab- 
sence of postoperative retrograde dissection in 
any patient and by the complete repair 
achieved in the patient who had a clotted false 
lumen on preoperative study. The significance 
of this latter point pivots on the assumption 
that aortic dissection with clotted false lumen 
occurs in patients with no reentry point [6, 16]. 
These, then, would be the only patients with 
continuity of the entire distal intima beyond 
the repair. In the remaining 7 patients, the true 
lumen remains continuous with the false chan- 
nel at distal reentry sites unrelated to the ade- 
quacy of the proximal repair. In 2 patients, the 
false lumen appears to fill only at the site of an 
iliac reentry point (see Fig 4). The remaining 
patients appear to have multiple or more com- 
plex reentry sites, which now act as sources of 
inflow. The innominate artery appears to be 
one of the reentry sites in 2 patients. 

In this group, normal distal aortic flow was 
not achieved in any patient who had a patent 
false lumen initially. It is apparent that pre- 
operative flow through the false lumen could 
not occur without both a site for blood to enter 
and a distal site of egress. Obliteration of the 
inflow point into the false lumen may decrease 
the flow in this channel, but it does not initiate 
adherence of the disrupted intima to the adven- 
titia. In the postoperative period, flow into the 
false lumen continues from original reentry 
points ever though this may entail retrograde 
flow, as seen in the 2 patients with only an iliac 
artery reentry point. 

Late problems with aneurysmal dilatation of 
the persistently dissected abdominal aorta have 
been previously reported [1, 9, 11, 12, 16]. Sur- 
gical replacement of such a lesion was necessary 
in 1 of the patients reported here. These prob- 
lems would appear to be a potential threat in 
any patient with aortic dissection and a patent 
false lumen entering the abdominal aorta. 
Whether the incidence of aneurysmal dilatation 
will increase with time remains to be estab- 
lished. 

Interestingly, failure to obliterate the abdom- 
inal false lumen in these patients may have 
been fortunate. Studies of the blood supply of 
the abdominal viscera in the presence of aortic 
dissection have repeatedly demonstrated ves- 
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Fig 5. Preoperative aortogram in type | dissection. (A) 
Ascending aortic dissection is easily visible. (B) No dis- 
tal aortic filling is seen with upper abdominal injection 
of the true lumen. This patient had no left femoral pulse 
and a bounding right femoral pulse. 


sels filling entirely from the false lumen and 
functioning normally [7, 17, 19]. The left renal 
artery has been the vessel most frequently 
shown to arise entirely from the false lumen. It 
is possible that if the false lumen had been con- 
sistently obliterated, this major source of vis- 
ceral blood supply would have been occluded. 
Reestablishment of sheared-off vessels to a 
normal vascular pattern seems much less likely. 
This hypothesis suggests that the minimal inci- 
dence of postoperative vascular catastrophe in 
surgical treatment of extensive acute dissection 
may depend on maintenance of flow through 
the false lumen. This concept requires valida- 
tion. 

Our experience suggests two other areas that 
are at variance with the usual concepts of acute 
aortic dissection. First, the aortic arch appears 
to be involved frequently in dissections that 
apparently arise from a tear distal to the left 
subclavian artery. Certainly, retrograde dissec- 
tion into the ascending aorta has been previ- 
ously documented [10, 13, 14, 18]. The consis- 
tent presence of retrograde dissection involving 





at least the origin of the left subclavian artery is 
not apparent in previous reports. In order to 
deal with this aspect of the dissection, the aorta 
was consistently cross-clamped proximal to the 
left subclavian artery, with meticulous repair 
using a double layer of buttressing felt at the 
point of proximal aortic transection—just be- 
yond the left subclavian artery. This attention 
to the proximal extent of the dissection and 
careful repair at the upper suture line may mini- 
mize the incidence of postoperative proximal 
dissection. 
somewhat presumptuous on the basis of this 
limited number of patients, consideration of 


Although such a conclusion is 


the proximal suture line is critical in view of the 
incidence of postoperative death from proximal 
dissection after surgical repair of type III dissec- 
tions [2, 15]. 

An unrelated area of importance in the repair 
of aortic dissection is the site of inflow cannula- 
tion from the pump oxygenator or bypass 
shunt. If one femoral pulse is absent preopera- 
tively, the pulsatile artery is generally chosen 
for cannulation [12, 13]. Two patients in whom 
the femoral pulse was absent preoperatively are 
included in the present series. In neither pa- 
tient could the femoral vessels and distal aorta 
be adequately visualized at preoperative study 
by transfemoral abdominal aortography (Fig 5) 
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Fig 6. Possible cause of absent left femoral pulse in the 
patient whose aortogram is shown in Figure 5. The left 
iliac artery arose from the true lumen, and reentry of 
the false lumen appeared in the right iliac artery at re- 
study. (GMA =superior mesenteric artery; rra = right 
renal artery; lra = left renal artery.) 


with injection into the true lumen. Both pa- 
tients were successfully perfused, one through 
the pulsatile femoral artery and the other by 
way of the nonpulsatile artery. The absent pulse 
reappeared postoperatively in each patient. In 
follow-up study, the originally nonpulsatile ar- 
tery is open and connected with the true lumen. 
The originally pulsatile artery is the site of reen- 
try at the iliac level. Apparently, the flap of in- 
tima from the false lumen impinged upon the 
common iliac orifice until proximal decompres- 
sion was performed (Fig 6). These two examples 
would suggest that in the presence of one 
occluded femoral artery, the nonpulsatile artery 
is connected to the true lumen and would be the 
most appropriate site for cardiopulmonary 
bypass inflow cannulation. Again, this hypoth- 
esis requires further validation. 

The present study is not based on a sufficient 
number of cases to constitute a mandate for 
routine surgical therapy in acute aortic dissec- 
tion. The postoperative aortograms do substan- 
tiate that the major causes of mortality have 
been eliminated. This material supports the 


current trend toward early surgical interven- 
tion, especially in dissections originating in the 
ascending aorta [2-4]. As is often the case, suc- 
cessful operation produces a population of in- 
dividuals with a set of unique postoperative le- 
sions who require subsequent management or 
continued observation. Until the postoperative 
vascular abnormalities following surgical repair 
of aortic dissection are fully clarified, routine 
postoperative aortography may be useful. In 
view of the consistent postoperative abnor- 
malities delineated in this study, continuing 
evaluation of the patient and precise manage- 
ment of hypertension seem to be imperative. 
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Notice from The Society of Thoracic Surgeons 


Call for Abstracts—1979 Meeting 
(Deadline: August 31, 1978) 


Abstracts for papers to be presented at the 1979 
Annual Meeting of The Society of Thoracic Sur- 
geons are now being accepted. The meeting is 
to be held at the Phoenix Civic Plaza, Phoenix, 
AZ, January 15-17, 1979. 

The deadline for receipt of abstracts is August 
31, 1978. An original and eight copies should be 
submitted on the official society abstract form 
to Robert L. Replogle, M.D., Chairman, Pro- 
gram Committee (Abstracts), The Society of 
Thoracic Surgeons, 111 E Wacker Dr, Chicago, 
IL 60601. The forms are available upon request 
from The Society. Abstracts must summarize an 
original contribution not presented or submit- 
ted elsewhere. Abstracts received after the 
deadline will not be considered. It is requested 
that the covering letter indicate the author who 
is to receive notice of acceptance or rejection 
and the author who will present the paper. 

The Program Committee reserves the right to 
select papers for either regular or forum-type 
presentation. The author may also designate his 
preference for presentation in the forum. Es- 
sayists are reminded that the complete manu- 
script must be submitted in duplicate either to 
the Editor of The Annals of Thoracic Surgery be- 
fore the meeting or to the Secretary of The Soci- 
ety at the meeting, immediately prior to presen- 
tation. 


Call for Surgical Films 
(Deadline: August 31, 1978) 


The popular surgical movie program will again 
be presented at the Phoenix meeting. The Pro- 
gram Committee hereby solicits the submission 
of surgical films, which may portray a surgical 
procedure or simply a technical maneuver that 
the surgeon thinks will be of interest to the So- 
ciety. The film may not exceed 10 minutes in 
length. Sound movies are acceptable but not 
necessary, and live narration by the principal 
surgeon is a requirement for participation in 
the movie night program. The movies may be 
on Super-8 or 16-mm film. The deadline for 
submission of films is August 31, 1978. Films 
also should be sent to Robert L. Replogle, M.D., 
Chairman, Program Commiitee, at The Society 
office, 111 E Wacker Dr, Chicago, IL 60601. 


Application for Membership 
(Deadline: September 1, 1978) 


Requests for membership application forms 
should be addressed to Quentin R. Stiles, M.D., 
Chairman, Membership Committee, The Soci- 
ety of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

The completed application forms and sup- 
porting letters must be in the hands of the 
Membership Committee by September 1, 1978, 
for the applicant to be considered for election at 
the Phoenix meeting next January. 


Thomas D. Bartley, M.D. 
Secretary 


Extraluminal or Intraluminal Inferior 
Vena Cava Occlusion in Pulmonary Embolism 


Julio Popovsky, M.D., Josef Edelstein, M.D., Leo Walzer, M.D., 
Catherine Vlastou, M.D., and Charles Ryan, M.D. 


ABSTRACT Twenty-five cases of extraluminal and 
47 of intraluminal inferior vena caval (IVC) occlu- 
sion for management of pulmonary embolism were 
reviewed. A comparison of results obtained with 
both methods suggests that the IVC umbrella filter 
provides the safer, more reliable means of IVC inter- 
ruption in patients whose condition fulfills the crite- 
ria for caval occlusion. The simplicity of this tech- 
nique and the fact that it can be performed under 
local anesthesia justify its consideration as the pro- 
cedure of choice for IVC occlusion and permit its use 
in severely ill patients. On the basis of our positive 
findings, we now recommend that extraluminal oc- 
clusion be reserved for patients in whom insertion of 
the IVC umbrella is technically impossible. 


Anticoagulant therapy, which is recognized as 
the treatment of choice in the management of 
pulmonary embolism, is successful in about 
80% of cases [1, 2]. In the remaining 20% such 
therapy is either unadvisable or ineffective [6], 
leaving operative interruption of the inferior 
vena cava (IVC) as the safest and most effective 
alternative. Patients in whom surgical interven- 
tion is the preferred method of treatment in- 
clude (1) those with recurrent pulmonary em- 
boli despite satisfactory levels of anticoagulant; 
(2) those with conditions that contraindicate the 
use of anticoagulant therapy (e.g., a hematolog- 
ical disorder, a recent history of bleeding, a 
known risk of bleeding due to a preexisting 
condition such as an active peptic ulcer, or a 
known risk of bleeding as a result of recent sur- 
gical treatment); (3) those who have suffered 
shock or hypotension due to massive embolism 
and in whom anticoagulant therapy is consid- 
ered potentially insufficient; (4) those with 
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symptoms and signs of pulmonary hyperten- 
sion resulting from acute or chronic recurrent 
pulmonary emboli; and (5) those in whom the 
risk of pulmonary embolism is sufficiently high 
to warrant [VC interruption prior to major sur- 
gical treatment. Since IVC interruption for pur- 
poses of prophylaxis is still considered con- 
troversial, it should be reserved for special 
circumstances (e.g., when the patient’s con- 
dition is complicated by a recent history of 
phlebitis or pulmonary emboli) [4]. 

Prior to the mid-1960s, the surgical proce- 
dures available for IVC interruption included 
ligation of the femoral vein, iliac vein, or IVC, 
as well as such techniques of IVC occlusion as 
suture plication, staple plication, and external 
clipping. In 1967, Mobin-Uddin and colleagues 
[10-12] developed a technique of intraluminal 
partial occlusion of the IVC with an umbrella 
filter. We began using this technique in 1970, 
restricting its application to those patients con- 
sidered too ill to undergo standard IVC occlu- 
sion through a retroperitoneal approach per- 
formed under general anesthesia. However, as 
our experience with IVC umbrella insertion in- 
creased, we found it to be superior to other 
methods o: caval interruption. Not only was it 
simpler and less traumatic, but the results were 
comparable to or better than those obtained 
with other techniques, especially in cardiac pa- 
tients who carried a high risk of operative mor- 
tality [8, 9]. 

In an effort to substantiate the superiority of 
intraluminal occlusion with an umbrella filter, 
we retrospectively studied the results obtained 
with both extraluminal and intraluminal caval 
occlusion at the Mount Sinai Hospital of Cleve- 
land and the Suburban Community Hospital of 
Cleveland. 


Material and Methods 


Between June, 1964, and April, 1977, 72 patients 
underwent [VC occlusion at one or the other of 
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the above-mentioned institutions. Twenty-five 
were treated with extraluminal occlusion and 47 
underwent intraluminal occlusion with an um- 
brella filter. 


Extraluminal Caval Occlusion 


Of the 25 patients who had extraluminal occlu- 
sion of the IVC, 13 were women and 12 were 
men. The mean age was 50.5 years with a range 
of 19 to 94 years. Fourteen were treated with a 
Miles clip, 6 had suture plication, and 5 had 
ligation. The presence of pulmonary emboli 
was confirmed by lung scan in 11 patients and 
by pulmonary angiography in 5. In the remain- 
ing 9, diagnosis was made on the basis of clini- 
cal findings and chest roentgenograms. Because 
of the retrospective nature of the study, we 
were unable to control the selection of diagnos- 
tic technique; however, data on these 25 pa- 
tients indicated that evidence of pulmonary 
emboli was sufficient to warrant surgical inter- 
vention. 

Specific indications for IVC interruption in 
these patients were recurrent pulmonary em- 
boli despite the presence of adequate levels of 
anticoagulation (8 patients), either a single 
massive episode of pulmonary embolism (uni- 
lateral or bilateral) or recurrent massive emboli 
while not receiving anticoagulant therapy (8.pa- 
tients), and bleeding from various sites as a re- 
sult of anticoagulant therapy for pulmonary 
emboli (7 patients). In the remaining 2 patients, 
extraluminal occlusion was performed as a 
prophylactic measure prior to major surgical 
treatment since both had a past history of 
peripheral phlebitis and pulmonary embolism. 

Ten patients underwent extraluminal occlu- 
sion postoperatively and 2 preoperatively. In 
the 13 others, IVC interruption was unrelated to 
other surgical treatment. 


Intraluminal Caval Occlusion 

(IVC Umbrella Filter Insertion) 

In 5 of the 52 patients in whom insertion of an 
umbrella filter was attempted, implantation 
was not accomplished as a result of technical 
difficulties. In 4 the failure resulted from inabil- 
ity to negotiate the entrance to the superior 
vena cava, and in the fifth repeated entry into 


the right renal vein rendered insertion impos- 
sible. 

Of the 47 patients in whom the umbrella filter 
was successfully inserted, 18 were women and 
29 were men. The mean age was 59.5 years with 
a range of 26 to 88 years. The presence of pul- 
monary emboli was confirmed by lung scan in 
39 cases and by pulmonary angiography in 8. 
Seven of the 47 underwent both diagnostic pro- 
cedures. 

Like other authors [14], we applied a “take 
all" policy that allowed for treatment of ex- 
tremely ill patients in whom the development 
of another embolus, however small, would be 
potentially fatal. Specific indications for inser- 
tion of the umbrella filter were recurrent pul- 
monary emboli despite ongoing anticoagulant 
therapy (18 patients), bleeding from different 
sites while receiving anticoagulant therapy 
either for a previous pulmonary embolism (uni- 
lateral or bilateral) or for phlebitis (18 patients), 
chronic recurrent pulmonary embolism accom- 
panied by severe pulmonary hypertension (2 
patients), and prophylaxis (9 patients). l'atients 
treated prophylactically were those who had a 
previous history of phlebitis and pulmonary 
embolism and were scheduled for major opera- 
tions. 

Of the 47 umbrella filter insertions, 9 were 
done preoperatively and 17 were accomplished 
following another surgical procedure. In the 
remaining 21, the use of intraluminal occlusion 
was unrelated to other surgical treatment. 


Results 
Extraluminal Occlusion 


Two patients died following extraluminal oc- 
clusion (Table 1). Of the remaining 23 patients, 
10 developed complications. One patient each 


Table 1. Causes of Death in Patients 
Undergoing Extraluminal Occlusion 





Patient’s Age 





and Sex Predisposing cause Cause of death 
79, M Transurethral resection Irreversible 
of prostate pulmonary 
insufficiency 
69,M Cardiac insufficiency Congestive heart 


failure 
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Table 2. Causes of Death in Patients 
Undergoing Intraluminal Occlusion 


Patient’s 

Age and Predisposing Cause of 

Sex Cause Death 

60, M Femoropopliteal bypass Respiratory failure 
graft 

68, M Massive bleeding 

26, F Multiple trauma Pulmonary hyperten- 

sion (cor pulmonale) 

41, F Gastric resection (multi- ^ Sepsis 
ple intestinal fistulas) 

65, M Ulcerative colitis Massive sepsis 
(Parkinson's disease) 

SA T Acute myocardial infarc- Heart failure 


tion 


had the following: wound infection, abdominal 
wall hematoma, and retroperitoneal hematoma. 
Another developed upper gastrointestinal 
bleeding and a duodenal obstruction that re- 
quired surgical treatment. All these patients 
eventually recovered. Peripheral phlebitis with 
various degrees of swelling occurred in 6 pa- 
tients, all of whom responded to leg elevation 
and elastic stocking support. 


Intraluminal Caval Occlusion 
(IVC Umbrella Filter Insertion) 


No instance of migration of the umbrella filter 
occurred. (In the last 20 patients treated, we 
used a 28 mm umbrella. This model was intro- 
duced to replace the original 23 mm umbrella, 
which was prone to displacement.) Further- 
more, no instance was noted of retroperitoneal 
hematoma, the second most common cause of 
death in patients undergoing insertion of an 
umbrella filter [14]. 

Although 6 patients died, their deaths were 
attributable to their principal illnesses and were 
unrelated to the insertion of the umbrella filter 
(Table 2). 

Seven patients developed postoperative 
complications as a direct result of the insertion 
of an umbrella filter. A transient paralytic ileus 
in 1 patient was successfully treated with a Can- 
tor tube. Six others who had preoperative signs 
of thrombophlebitis in one leg developed dif- 
ferent degrees of peripheral edema in the same 
extremity after umbrella filter insertion, a find- 
ing in agreement with that of other authors [15]. 


All 6 responded to elastic stocking support, bed 
rest with leg elevation, and low doses of hepa- 
rin. 


Comment 

The efficacy of intraluminal occlusion for 
prevention of recurrent pulmonary emboli com- 
pares favorably to that of extraluminal occlu- 
sion. Silver and Sabiston [16] found the inci- 
dence of recurrent emboli after IVC ligation to 
be as high as 5096, compared to 0 to 1896 follow- 
ing IVC plication and 2% following insertion of 
an umbrella filter. There was no case of recur- 
rent emboli in our patients who underwent in- 
sertion of the umbrella device. 

In a review by Dietzman and co-workers [3], 
the incidence of complications following IVC 
ligation in 839 patients was found to be 40%, 
while that for 471 patients who had IVC clip- 
ping was 53%. In contrast, the overall complica- 
tion rate following insertion of umbrella filters 
in 2,215 patients was reported to be 13.396, 
with edema of the lower extremities and 
chronic venous stasis being the most common 
complications [13]. The incidence of complica- 
tions in our series of umbrella filter implanta- 
tions compares favorably; 1 case of transient 
paralytic ileus and 6 instances of mild 
peripheral edema were noted. In no patient was 
the filter misplaced, nor did any patient experi- 
ence filter migration, either proximally or dis- 
tally. Other complications, such as perforation 
of an abdominal viscus or retroperitoneal 
hematoma resulting from perforation of the 
IVC, were not encountered. 

While several procedures for complete or par- 
tial extraluminal IVC interruption offer excel- 
lent protection from pulmonary embolism, they 
carry a relatively high risk of mortality, espe- 
cially in patients who are seriously ill or whose 
condition is complicated by circumstances such 
as the need for a major abdominal operation, 
intraabdominal sepsis, extreme obesity, or 
uremia. Silver and Sabiston [16] found that 
Operative mortality following IVC ligation 
ranged from 5 to 40%, while mortality follow- 
ing IVC plication was as high as 27%. In pa- 
tients with cardiac disease, the mortality rate 
from extraluminal occlusion increased to 60%. 
Conversely, the mortality rate directly related to 
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the insertion of an umbrella filter is about 1% 
[5, 7]. Orvald and co-workers [14] corroborated 
this finding by reporting that although 63 of 150 
patients who underwent umbrella filter inser- 
tion died, 62 of the deaths were unrelated to 
filter insertion. Our results further support this 
low mortality rate in that no death in our series 
of intraluminal occlusions was related to the 
procedure of umbrella filter insertion. Rather, 
we consider the deaths of our patients to be an 
expected consequence of making this procedure 
available to the very ill. 

The ease and safety with which the umbrella 
filter can be inserted, the excellent results ob- 
tained, and the low morbidity and mortality 
rates attributable to the procedure itself encour- 
age us to recommend this technique as the pro- 
cedure of choice when IVC interruption is indi- 
cated. Consequently, it is our opinion that 
extraluminal occlusion should be reserved for 
patients in whom insertion of the umbrella 
filter is technically impossible and for those 
with septic emboli. Although septic emboli 
were not encountered in the series of patients 
reviewed here, we consider this complication 
to be an indication for extraluminal occlusion. 
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Development of a Practical Membrane Lung System 


W. C. Helton, M.D., F. W. Johnson, M.D., J. B. Howe, F. B. Freedman, Ph.D., 
W. G. Lindsay, M.D., and D. M. Nicoloff, M.D., Ph.D. 


ABSTRACT The purpose of this study was to eval- 
uate a compact, single-pump membrane oxygenator 
system designed for both short-term open-heart pro- 
cedures and long-term extracorporeal support. Work 
was directed at developing a compatible, disposable 
venous reservoir, fabricating a compact mounting 
board, determining acceptable priming volumes, 
and establishing safe and effective modes of setup 
and operation. Ten adult baboons undergoing total 
cardiopulmonary autotransplantation as part of a 
separate study were operated on using a 1.5 m? 
Kolobow spiral-coil membrane system. Blood gases, 
oxygen transfer, extracorporeal blood flows, priming 
volume, and setup times were determined. In addi- 
tion, 3 infant and 6 adult human subjects undergo- 
ing cardiac operations in which spiral-coil membranes 
of various sizes were used were also similarly stud- 
ied. The data and experience from these studies sug- 
gest that the spiral-coil membrane system utilized is 
safe and effective in procedures requiring short-term 
cardiopulmonary bypass. 

The availability of a practical membrane 
oxygenator system for both prolonged car- 
diopulmonary support and cardiac procedures 
requiring short-term cardiopulmonary bypass 
will allow more widespread clinical assessment 
and utilization of this type of artificial lung. 
Membrane oxygenators interpose a gas-per- 
meable membrane between the blood and 
gas phases with gas exchange occurring across 
the membrane. The advantages of membrane 
lungs have been reported by others [1, 2, 7-9]. 
We have applied this clinical tool for long-term 
extracorporeal support to patients with cardiac 
and respiratory failure [5]. Our previous ex- 
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perience with this membrane oxygenator dem- 
onstrated that patients can be supported with 
normal blood gases, minimal protein denatura- 
tion, thrombocytolysis, and hemolysis for 
periods of one to twenty days. It is therefore 
conceivable that such a system should offer 
some advantage over the current bubble 
oxygenator, particularly in procedures that can 
be predicted to require 3 or more hours of 
bypass. 

The Kolobow spiral-coil membrane lung [3] 
was selected for use in conjunction with a series 
of experimental surgical procedures (total car- 
diopulmonary autotransplantation) with adult 
baboons. No attempts were made to evaluate 
membrane functions critically since this has 
been done previously [3, 4, 6, 8]. Rather, the 
emphasis was directed at developing a compat- 
ible disposable venous reservoir, fabricating a 
compact mounting board, determining accept- 
able priming volumes, and establishing safe 
and effective modes of setup and operation. 
Emphasis was placed on the areas relating to 
open-heart surgery. A series of patients was 
used to clinically evaluate the system based on 
the success of the laboratory work. 


Materials and Methods 

Bypass Circuit 

The bypass circuit is illustrated in Figure 1. The 
membrane lung, heat exchanger, cardiotomy 
reservoir, and venous reservoir were assembled 
on a Plexiglas mounting board (Fig 2).* Venous 
blood was allowed to drain by gravity flow into 
a silicone rubber reservoir with a capacity of 
either 500 or 1,500 ml (Fig 3). These reservoirs 
were constructed so as to accommodate suc- 
tioned blood from a cardiotomy reservoir as 
well as systemic venous return. A vent tube for 
purging air from the reservoir and two 
infusion-withdrawal sites were placed at the 
top of the reservoir. Blood was drawn from the 


"Iravenol heat exchanger, Bentley cardiotomy reservoir, 
Sci-Med mounting board. 
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Recirculation Line 
(Clamped During Operation) 


Venous Withdrawal 


| Vent Tube 


| Venous Reservoir 


Suction 
Blood 


Return 


Heat Exchanger 
(Venous Position) 


Fig 1. Bypass circuit: venous blood and cardiotomy suc- 
Hon return to a silicone reservoir. Roller pump draws 
blood into a heat exchanger and pumps blood through 

a membrane oxygenator. 


venous reservoir through a disposable heat ex- 
changer to the roller pump and then pumped 
through the membrane to the arterial cannula 
(Fig 4). A recirculation line was used during 
priming so that blood flow through the 
oxygenator could be maintained at all times 
after the oxygenator had been primed. Recircu- 
lation prevented stagnation of formed blood 
elements within the blood compartment during 
periods when perfusion was not in progress. 
The recirculation lines served also as an access 
site for arterial blood sampling. 

Cross-matched donor blood (as available) 
and lactated Ringer's solution were used to 
prime the circuit. Filtered carbon dioxide was 
flushed through the blood compartment for 5 
minutes prior to priming as an aid in debub- 


Heat Exchanger — | 
Alternate Position), 


-I4—— Sampling Connector 


| a (Closed) 
i 
A 


Input Gas 


Arterial 


yY 
NY 


Upper Bleed 
Port 






Port 
Lower Bleed Port 


Exhaust Gas 


bling the blood compartment. The gas compart- 
ment was closed during this time to maintain 
the carbon dioxide environment. Blood prime 
was filtered with a micropore filter when added 
to the reservoir, and lactated Ringer's solution 
was added with standard intravenous fluid fil- 
tration. Following priming, membrane ventila- 
tion (room air suctioned through the gas com- 
partment) and recirculation was done with 
blood flows maintained at 1 liter per minute. 
Recirculation with ventilation established ap- 
proximate physiological pH and Pco, levels and 
provided time to debubble the membrane lung. 
Debubbling was accomplished by tapping the 
unit gently, but firmly, during recirculation. 
Positive-pressure membrane ventilation at 4.5 
to 7.5 L/min with either 100% oxygen or a 97 to 
3 ratio of oxygen to carbon dioxide was used 
during bypass. The setup time, priming vol- 
umes, and ease of assembly were determined 
for each run. 
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VENOUS 


Fig 2. Membrane lung system for open-heart surgery. 


Animal Experience 


Ten adult baboons ranging from 14 to 18.5 kg 
were anesthetized with Sernylan (phency- 
clidine hydrochloride) (2 mg per kilogram of 
body weight) and atropine sulfate (0.4 mg), in- 
tubated, and placed on pressure-limited respi- 
rators. Nembutal (pentobarbital) and Flaxedil 
(gallimine) were given during the procedure to 
maintain an adequate level of general anes- 
thesia. 

A right thoracotomy and a femoral artery and 
venous cutdown were done. The animal was 
then heparinized with 2 mg per kilogram of 
beef lung heparin, and the inferior and superior 
vena cava were cannulated with the largest pos- 
sible cannula (18 to 24F). Arterial blood was re- 
turned through the femoral artery cannula. 

The baboons were initially placed on total 
cardiopulmonary bypass and maintained at 
normothermia for 5 minutes during which time 
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blood gases were sampled. They were then 
cooled to 29° to 31°C for the duration of the au- 
totransplant. After the procedure, they were 
rewarmed to 37°C and allowed to stabilize on 
partial cardiopulmonary bypass. After stabili- 
zation, a second period of normothermic total 
cardiopulmonary bypass for blood sampling 
was done. Subsequent to this, cardiopulmonary 
bypass was discontinued, protamine sulfate (1.5 
mg per milligram of heparin) was given to re- 
verse the heparin effect, and the operation was 
completed. 

During the course of the experiment, three 
blood gas samples were drawn: (1) at nor- 
mothermia after an initial 5-minute period of 
total bypass (36.5° to 38.0°C); (2) within 5 min- 
utes of reaching the hypothermic state (29° to 
31°C); and (3) after a 5-minute period of total 
bypass at normothermia, just prior to terminat- 
ing bypass. All samples were drawn distal to 
the heat exchanger in capped plastic syringes, 
and the determination was done immediately 
after the sample was drawn. An Instrumenta- 
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Fig 3. Silicone rubber reservoir bags: (A) infant (220 to 
500 ml) and (B) adult (800 to 1,500 ml). 


tion Laboratory Model 713 blood gas analyzer 
was used for all blood gas determinations. All 
temperatures refer to esophageal measure- 
ments. A portion of each sample was used to 
determine the hematocrit. Oxygen transfer was 
calculated from the saturation difference, de- 
rived hemoglobin, and dissolved oxygen. 


Clinical Experience 
The clinical experience was evaluated in 9 pa- 
tients undergoing procedures requiring car- 


diopulmonary bypass. There were 3 infants 
weighing 3.2, 3.5, and 3.6 kg and 6 adults 
weighing 47, 48, 54, 70, and 75 kg, and they 
ranged from thirty days to 75 years old. 

The bypass circuit, setup, priming tech- 
niques, and lung ventilation and perfusion 
techniques were identical to those used in the 
animal experiments. Two sizes of venous reser- 
voirs were employed depending on whether an 
adult or child was being perfused. Membrane 
lung size was varied according to the size of the 
patient and estimated necessary bypass flow. 
The flows were estimated at 75 to 100 ml/kg/min 
in the adults and 100 to 150 ml/kg/min in infants 
at normothermia, with the membrane able to 
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Fig 4. Membrane lung system for prolonged extracor- 
poreal support. Note the small size of the reservoir and 
the microswitch control for the roller pump. 


carry approximately 1.5 L/m*/min. Membranes 
ranging from 0.8 to 4.5 m?” are available and 
were used.* Cardiotomy in-line filters were 
used in 4 patients. During priming, hemodilu- 
tion (16 to 20 ml per kilogram of body weight) 
was used to adjust the hematocrit to 28 to 30%. 

Patients were placed on cardiopulmonary 
bypass and cooled immediately to 29° to 31°C. 
They were maintained at this level during the 
cardiac procedure and then rewarmed to 37°C 
before bypass was discontinued. All blood 
samples were collected in capped plastic 
syringes. Determinations were done on an In- 
strumentation Laboratory Model 713 blood gas 
analyzer immediately after sampling and cor- 
rected for temperature difference. Gas flow 
rates in the infants ranged from 1.2 to 1 L/min, 
and in the adults from 3 to 15 L/min. Blood 


*Membranes of 0.4, 0.8, 1.5, 2.5, 3.5, and 4.5 m? are avail- 
able from Sci-Med, Inc. 
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gases were sampled 5 minutes after instituting 
total bypass and at the end of 1 hour of total 
bypass. 


Results 

Animal Experiments 

The membrane lung system was evaluated with 
respect to priming volume, setup time, ease of 
assembly, operation with closed or open reser- 
voir, and ability to transfer oxygen. 

The priming volume ranged from 680 to 1,000 
ml depending on the reservoir level desired. 
The mean priming volume was 800 ml with at 
least 200 ml initially present in the reservoir for 
all animals. The reservoir functioned effectively 
with the vents open or closed. However, closed 
operation was preferred to minimize the risk of 
drawing air into the bypass circuit. Air accumu- 
lation through cardiotomy suction was vented 
through the venous reservoir bleed ports. Setup 
time from beginning of assembly to operational 
status ranged from 20 to 45 minutes (average, 30 
min). There were no mechanical problems with 
any of the membrane lungs. Bypass times 


(TK 
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Table 1. Blood Gas Values and Associated Oxygen Transfer Rates Observed for Adult Baboons during 


Total Bypass (Average and Range) 





Initial Normo- 


Hypothermic State, Final Normothermic 





Factor thermic State Initial 5 Min State 
Blood flow rate 64 (47-82) 46 (35—65) 53 (32-71) 
(mli/min/kg body weight) 

Venous gas 
Po, (mm Hg) 32 (25-37) 23 (15-29) 29 (20—36) 
pH 7.15 (7.35-7.61) 7.49 (7.43—7.64) 7.36 (7.19—7.47) 
Pco, (mm Hg) 47 (29—72) 34 (28—40) 50 (34-60) 
Saturation (96) 69 (39-85) 52 (19—70) 


64 (£9—78) 
Arterial gas 


Po, (mg Hg) 247 (93-375) 
pH 747 (7.22-7.52) 
Pco, (mm Hg) l 4C (27—54) 
Saturation (%) 96 (97—100) 
Oxygen transfer (cc/min) 50 (24—84) 
Hematocrit (96) 25 (10-33) 


Temperature (°C) 37 (36.5~38.0) 


Table 2. Blood Gas Values and Oxygen Transfer 
Rates Observed for Clinical Patients during Total 
Bypass (Average and Range) 


Initial 
Factor Hypothermia 1 Hour 
Blood flow rate 59 (52-63) 59 (48-71) 
(ml/min/kg) 
Venous gas 
Po, (mm Hg) 48 (37—59) 30 (25-35) 
Pco, (mm Hg) 32 (24-41) 31 (26-36) 
pH 7.49 (7.38-7.53) — 7.39 (7.34-7.43) 
Saturation (96) 93 (90—96) 33 (76-96) 


Arterial gas 


Po, (mm Hg) . 263 (181—366) 150 (108-167) 
Pco, (mm Hg) 27 (23-38) 29 (24—39) 
pH 7.45 (7.38-7.50) — 7.41 (7.34-7.47) 
Saturation (96) 98.5 (98-99) 38.4 (97—99) 
Oxygen transfer 74 (64—82) 130 (77-205) 
(cclmin) 
Hematocrit (96) . 34 (28—53) 34 (29-42) 
Temperature (*C) 32 (31-34) 31 (28-33) 


ranged from 60 to 130 minutes cepending on 
the difficulty of the surgical procedure. 

All animals survived from 6 hours to 1 year. 
Four animals died in the first 24 hours due to 
technical problems during the operation which 
resulted in persistent bleeding from anasto- 
motic sites. Five animals died at one to six days 
from various causes, including progressive ar- 
rhythmias, cardiorespiratory failure, and right 


326 (164—296) 
7.55 (7.48-7.71) 


285 (150-410) 
7.41 (7.22-7.52) 


28 (24—33) 40 (27—54) 
100 (100—100) 100 (99—100) 
34 (14-60) 52 (24-85) 
28 (10-30) 23 (10—34) 


30 (29.0—30.5) 36.7 (36.0-37.5) 


Table 3. Average Platelet Counts for Clinical 
Patients Undergoing Bypass 


Time Count 


182,000 (118-225 x 103) 
144,000 (111-179 x 103) 
155,000 (108—202 x 103) 
178,000 (156-196 x 103) 


Preoperative 

Initial 5 min of bypass 
After 1 hr of bypass 
One hr postoperative 


atrial thrombi at the suture line resulting in 
pulmonary embolization. At the time of writ- 
ing, there was 1 long-term survivor from this 
series of animals. 

Blood flows, blood gases, and oxygen transfer 
rates are shown in Table 1. 


Clinical Experience 

Priming volume of the infant unit was approx- 
imately 1,000 ml. The adult unit required an 
average of 2,000 ml priming volume (range, 
1,700 to 2,300 ml). The setup time from unpack- 
ing the components to the operational status 
averaged 25 minutes (range, 15 to 45 min). 
There were no mechanical problems during the 
bypass period. The average blood gas values 
and oxygen transfer rates for adults are pre- 
sented in Table 2. A summary of platelet counts 
done before, during, and after bypass for acults 
is shown in Table 3. A representative data sheet 
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Table 4. Data on 70-kg Patient Obtained Utilizing 
a 3.5 m? Kolobow Membrane Lung 


Bypass Time 


Data 5 min 60 min 
Arterial blood pressure 58 100 
(mm Hg) 
Extracorporeal blood flow 4.4 5.0 
(L/min) 
Arterial values 
Po, (mm Hg) 250 167 
pH 7.44 7.47 
Pco, (mm Hg) 25 24 
Saturation (96) 98.5 99 
Venous values 
Po, (mm Hg) 37 25 
pH 7.53 7.43 
Pco, (mm Hg) 30.5 30 
Saturation (96) 90 78 
Rectal temperature (?C) 33 31 
Esophageal temperature (°C) 31 31 
Oxygen flow rate (L/min) 4.5 3.0 
Oxygen transfer (cc/min) 75 134 
Potassium (mEq/L) 3.3 4.4 
Sodium (mEq/L) ) 124 125 
Platelets (per mm?): 111,000 108,000 
Hematocrit (96) 28 28.5 
Total urine (ml) 400 


from a single patient is demonstrated in Table 
4. 


Comment 


The membrane lung system was evaluated ex- 
perimentally and clinically with regard to the 
logistics of assembly and operation. Membrane 
function per se has been previously evaluated 
[3, 4, 6] and therefore was not rigorously deter- 
mined in this study. Emphasis was directed at 
the perfusion circuit design, fabrication of 
component parts, and the requirements for a 
practical system. 

The position of the circuit components and 
setup techniques were developed in a series of 
preliminary studies with dogs placed on car- 
diopulmonary bypass. The venous reservoir 
was placed before the heat exchanger to facili- 
tate bubble removal from the venous lines. The 
geometry of the reservoir (see Fig 2) was such 
that air was easily removed, with stagnation 
and turbulence being minimal. The membrane 


was placed at 30 degrees from the vertical with 
the upper bleed port (Luer-Lok) at the highest 
point to aid in bubble removal from the mem- 
brane itself The Plexiglas mounting board was 
developed to facilitate assembly of the circuit 
components. The mounting lugs for the circuit 
component are adjustable in order to accom- 
modate the variously sized membranes, reser- 
voirs, and heat exchangers. Prior to priming, 
positive-pressure ventilation of the blood com- 
partment with. carbon dioxide was done to aid 
in bubble removal. A gentle tapping of the 
membrane with a soft mallet during priming 
caused the »ubbles to rise to the surface, where 
they were removed through the upper bleed 
port. Positive gas pressures were used during 
bypass rather than vacuum ventilation. This 
was done since positive pressure increases oxy- 
gen transfer compared with vacuum ventila- 
tion. There are two reasons for this: positive 
pressure creates a higher driving force for trans- 
fer because of the higher Po, in the gas com- 
partment, nd it decreases the blood channel 
thickness because of lower transmembrane 
pressure. Gas embolization was prevented 
since the positive pressure within the blood 
compartment of the membrane was always 
greater than the pressure within the gas com- 
partment. A. pressure plate was placed over the 
venous reservoir bag and calibrated in relation 
to reservoir volume. 

The animal data with regard to the logistics of 
assembly and operation were considered ade- 
quate to warrant a clinical trial. However, gas 
exchange data were marginally acceptable even 
though the membranes were of adequate size 
for hypothermia and a brief period of nor- 
mothermia. Work by Rawitscher, Dutton, and 
Edmunds [6] indicates that the oxygen transfer 
capacity of the 1.5 m° membrane is approxi- 
mately 75 cclmin at rated flow conditions 
(hematocrit, 40%; temperature, 37°C; inflow 
saturation, 65%; and blood flow at 1.0 L/m?/ 
min). In our experience under these conditions 
but with a =lood flow of 1.5 L/m?, oxygen trans- 
fer of approximately 100 cc/min can be ob- 
tained. Since the oxygen requirements for these 
animals range from 100 to 125 cc/min at nor- 
mothermia, it was considered that the 1.5 m’ 
membrane would be adequate for a hypother- 
mic bypass with only a brief period of nor- 
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mothermia. The low venous Po, anc metabolic 


.acidosis during bypass are reflections of a 


progressive oxygen debt occurring during 
bypass. This was thought to be a -unction of 
low bypass hematocrits and low blood flow 
rates. These low hematocrits and blood flow 
rates were tolerated since the bab»on colony 
was of limited size and the only source of donor 
blood. The donor blood had to be carefully pro- 
portioned between priming requirements and 
postoperative transfusion needs. Undoubtedly, 
the progressive acidosis that resulted from the 
low bypass flows and hematocrits was a factor 
in the postoperative death of several of the 
animals. 

The blood gas data in the humar series was 
always in the acceptable ranges, as were the 
blood flow rates and hematoczts during 
bypass. The initial decrease in platelet counts 
during bypass was due to hemodifution. Sub- 
sequent platelet counts were slightl? lower than 
could be explained by dilution alcne. No sig- 
nificant postoperative bleeding was demon- 
strated. The oxygen transfer rates in the adults 
ranged from 73 to 235 cclmin. The bwer values 
for oxygen transfer in this group of »atients was 
thought to be a function of the high venous 
saturation. This, in turn, was considered a re- 
flection of the low oxygen cemands of 
hypothermia and some element cf peripheral 
shunting. 
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Experimental Pulmonary 


Edema: The Effect 


of Positive End-Expiratory Pressure on Lung Water 
Carl E. Bredenberg, M.D., Teruhisa Kazui, M.D., and Watts R. Webb, M.D. 


ABSTRACT The effect of 10 cm of positive end- 
expiratory pressure (PEEP) on lung water was stud- 
ied during pulmonary edema induced in dogs by 
inflating a Foley balloon placed in the left atrium. 
Colloid oncotic pressure (COP) was measured di- 
rectly. Intrapleural pressure (IPP) was measured 
after surgical closure of the chest. Transmural left 
atrial (LA) pressure (LA minus IPP) minus COP was 
considered to be the net force driving water out of 
the capillaries. LA pressure was elevated so that 
transmural LA pressure minus COP averaged +7.5 
mm Hg. Water accumulation was expressed as the 
ratio of wet to dry weight. The control ratio of wet 
to dry lung weight was 4.30 + 0.10 (+ SE). After 2 
hours of standardized pulmonary edema and venti- 
lation without PEEP, wet-to-dry lung weight was 
5.63 + 0.24. In animals ventilated with 10 cm of PEEP 
through 2 hours of pulmonary edema the ratio was 
5.36 + 0.14. Animals ventilated with 10 cm of PEEP 
showed a significant increase in functional residual 
capacity and decreased intrapulmonary shunt. Ten 
centimeters of PEEP, however, had no statistically 
significant effect on water accumulation during ex- 
perimental pulmonary edema. 


The experiments presented here were designed 
to answer the question: Does the application of 
positive end-expiratory pressure (PEED) to a 
ventilator retard the accumulation of water in 
the lungs during pulmonary edema? This ques- 
tion is virtually as old as positive-pressure ven- 
tilators themselves. In 1938, Barach and as- 
sociates [4] were among the first to demonstrate 
the efficacy of intermittent positive-pressure 
ventilation as well as PEEP in the treatment of 
pulmonary edema in patients. They suggested 
that the rapid clearing of rales to auscultation 
and the clearing of the chest roentgenogram 
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were evicence that positive airway pressure 
forces water out of the lung. Aviado and 
Schmidt [3] endorsed this conclusion in a re- 
view of the treatment of pulmonary edema in 
1959. Ten vears later Ashbaugh and Petty [2], in 
introducing the use of PEEP for the treatment of 
adult respiratory distress syndrome, also specu-. 
lated that positive airway pressure may drive 
water fror. the lungs. 

These previous discussions of intermittent 
positive-pressure breathing and PEEP largely 
ignored the importance of “transmural” hydro- 
static pressure in the capillary bed. Positive 
pressure applied to the airways is transmitted 
at least in part to the mediastinum and pleural 
space. Thus an increase in airway pressure 
measured relative to atmosphere does not 
imply an identical increase in airway or alveolar 
pressure relative to intrapleural pressure. It is 
this latter transmural capillary hydrostatic pres- 
sure that the capillary "sees" and that is func- 
tionally important as the primary driving force 
for water leaving the capillary. 

It is assumed in the present experiments 
that the primary force retaining water in the 
capilary is plasma oncotic pressure obtained 
from the differential protein concentration 


across the capillary membrane [9, 10, 12, 14]. 


The hydroszatic and oncotic pressures of inter- 
stitial fluid are deliberately ignored, and it is 
assumed that variance in these pressures be- 
tween the control and the experimental groups 
is negligible. 

Based or. these assumptions, the animal 
model developed by Fishman [12], which 
creates pulmonary edema by obstructing the 
left atrium, was modified so that we could 
study the impact of PEEP on the accumulation 
of lung water during pulmonary edema. 


Methods 

Fourteen mongrel dogs weighing about 20 kg 
were divided equally into two experimental 
groups. In each dog, left atrial (LA) pressure 
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Fie 1. Animal preparation after closure of chest, illus- 
trating Foley catheter in left atrium, meas 4rement of 
left atrial (LA) pressure, measurement of mtrapleural 
pressure (IPP), pulmonary artery catheter for mixed ve- 
nous samples and pulmonary artery (P A) 2ressures, and 
peripheral venous blood samples for measarement of 
colloid oncotic pressure (COP). All anima s were on a 
respirator. (PÀ — mean pulmonary artery pressure; 
PAW = pulmonary artery wedge pressure.) 


was elevated by inflating the ballocn of a Foley 
catheter inserted in the left atrium at 
thoracotomy (Fig 1). Mean LA pzessure was 
measured either through the oper. channel of 
the Foley catheter or by a separate LA cannula 
and was assumed to be equal to the pulmonary 
capillary pressure [12]. After insertion of the 
Foley catheter, the chest was surg-cally closed 
in an airtight fashion and the lung -eexpanded. 
Intravenous Ringer’s lactate, 10 to 15 ml per 
kilogram of body weight, was administered to 
replace estimated fluid loss during the proce- 
dure. A large-bore (28F) intrapleura_ catheter at- 
tached to a pressure transducer (Sar.born Model 
267-BC) was used to measure intrapleural pres- 
sure. A Swan-Ganz catheter (7F) was passed 
through the external jugular vein into the pul- 
monary artery for measuring pulmonary artery 
pressures and collecting pulmonary artery 
blood samples. 

Colloid oncotic pressure (COP: was mea- 
sured in a colloid oncometer (Critzcal Care In- 
strumentation oncometer, Model C-111). Total 
serum proteins were measured from the plasma 


using a hand-held refractometer (American Op- 
tical) to serve as a check on the measurement of 
COP. 

The formula of Landis and Pappenheimer 
[11] was used to calculate the plasma oncotic 
pressure from total plasma protein concentra- 
tion. The calculated pressure ranged between 0 


. and 2 mm Hg above the actual measured pres- 


sure. The slightly higher value for calculated 
oncotic pressure was consistent for both ex- 
perimental groups. Transmural LA pressure 
was calculated as the mean LA pressure minus 
intrapleural pressure (IPP). The driving force tor 
water across the capillary membrane was calcu- 
lated as transmural LA pressure minus COP. 

Blood gases were measured with a pH/blood 
gas analyzer (Corning Model 165). Intrapulmo- 
nary shunt was calculated from Po, and hemo- 
globin concentrations of systemic arterial and 
pulmonary arterial blood after ventilation with 
10095 oxygen for twenty minutes [5]. Functional 
residual capacity (FRC) was measured using 
closed-circuit nitrogen washout techniques. 
Animals were ventilated with 10096 oxygen for 
three minutes, during which time expired gas 
was collected in a Douglas bag. Total expired 
gas volume was measured (Wet Test Meter, 
Precision Scientific Corporation) and multi- 
plied by fractional concentration of nitrogen 
(Model 505 Nitralyzer, Med-Science Electronics, 
Inc). This total was divided by 0.81. The 
amount of nitrogen in alveoli at the end of 
washout, the inspired nitrogen fraction in 
100% oxygen, and the amount of nitrogen 
washed out from tissue are all negligible quan- 
tities relative to the measured volume [5] and 
were left out of the calculation. The volume ob- 
tained was corrected for dead space in both the 
animal and the apparatus. 

Control measurements were made after clo- 
sure of the thoracotomy with the animals on a 
piston respirator (Harvard Instruments) with- 
out PEEP. Tidal volume was 15 cc per kilogram, 
with the rate adjusted between 10 and 15 to 
maintain normal Pco,. Ten centimeters of PEEP 
was applied to one group of animals by placing 
the end of a Tygon tube that was connected to 
the expiratory port of the respirator 10 cm under 
water. Direct airway measurements in our labo- 
ratory have confirmed that this gives an end- 
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Table 1. Transmural Left Atrial Pressure 
Minus Colloid Oncotic Pressure +SE 


Pressure (mm Hg) 


Control Pulmonary 
Group Period Edema’ 
No PEEP (N = 7) —7.6 +40.8 +78+0.5 
10 cm PEEP (N = 7) —7.4 Ł 1.0 475+0.4 


aMeasurements are the average for 2 hours of left atrial 
obstruction. 


expiratory airway pressure of 10 cm H,O. The 
remaining animals continued without PEEP. 
The Foley balloon was then inflated so that 
transmural LA pressure minus COP equaled 
approximately +7.5 mm Hg. Thus, in the ex- 
perimental group PEEP was applied before the 
onset of pulmonary capillary hypertension. 

After 2 hours of pulmonary edema, the ani- 
mals were killed. The blood was drained from 
the lungs and both lungs in their entirety were 
dried in a desiccating oven to constant weight. 
The lungs were then weighed; the water-free 
residual was weighed and lung water was ex- 
pressed as a ratio of wet to dry weight, as sug- 
gested by Guyton and Lindsey [10]. 

Two groups of 7 dogs each were used. Group 
1 had the expiratory port of the ventilator open 
to atmosphere. Group 2 had 10 cm of PEEP 
applied by placing the expiratory port of the 


Fig 2. Time course of colloid oncotic pressure (COP), 
total protein concentration, and hematocrit (Hct) during 
2 hours of pulmonary edema in (A) Group 1 (no PEEP) 
and (B) Group 2 (10 cm PEEP). Control measurements 
made after closure of chest before inflation of left atrial 
(LA) balloon. Mean of 7 dogs plotted. 
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ventilator under 10 cm H,O as already de- 
scribed. Five additional animals were used as 
controls for determining normal wet-to-dry 
weight in this laboratory. Statistical signifi- 
cance was tested by the Student f test. 


Results 

The control mean transmural LA pressure 
minus CC? was approximately —7.5 mm Hg for 
both experimental groups (Table 1). The nega- 
tive value indicates that the pressure gradient 
favored retention of water within the capillary. 
Inflation of the LA balloon raised the effective 
driving pressure (transmural capillary minus 
COP) to —7.5 mm Hg. This usually required 
that the mean transmural LA pressure be raised 
to approximately 21 mm Hg. 

Prior to thoracotomy, the average plasma on- 
cotic pressure for the combined groups was 16.8 
mm Hg, end total protein averaged 5.8 gm per 
100 ml. Thoracotomy reduced these to control 
measurements of 14 mm Hg and 5.1 gm per 100 
ml, respectively, for Group 1 with no PEEP and 
to 13.2 mm Hg and 4.5 gm per 100 ml, respec- 
tively, for Group 2 with 10 cm of PEEP. Both 
COP and total protein remained remarkably 
constant aad close to postthoracotomy control 
levels throughout the 2-hour interval of pulmo- 
nary edema (Fig 2). 

There was a slight rise in hematocrit in both 
groups of «znimals (see Fig 2) despite infusion of 
10 to 15 m! per kilogram of Ringer's lactate. 

Blood gases on room air were similar for both 
groups (Teble 2). The mild metabolic acidosis 
that was present initially increased during 2 
hours of pulmonary edema. The degree of 
acidosis was similar for each group. The arterial 
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Table 2. Atrial Blood Gases on Room Air (Mean + SE) 


vr ETT Li... ——— mma AAAA ee OO MOOD C 


Contro. Period 


Pulmonary Edema? 


BE pH Po, Pco; BE 


EBENEN RN EE RERO eae 


Group pH Po; Pco; 
No PEEP 7.32 +0.01 7244 39243 
10 cm PEEP 7.30 0.02. 8+3 . 4050.2 


—5 1 7.292002. 6625 3722 51 
—5ck2 F292 0.05. 77 eS 4502 =O 1 





2Measurements made after 2 hours of left atrial obstruction. 


BE = base excess. 


Table 3. Intrapulmonary Shunt 
on 100% Oxygen (Mean + SE) 


Shunt (96) 


Pulmonary 
Group Control Period Edema? 
No PEEP 151 25b 3 
10cmPEEP 1541 LECT 


"Measurements made after 2 hours of left atrial obstruction. 
Increase in shunt is significant (p < 0.02) in Group 1 with- 
out PEEP. 


Table 4. Functional Residual Capacity (FRC) after 
2 Hours of Pulmonary Edema (Mean + SE) 


AFRC from 
Group FRC (L) FRC/20 kg (L) Control? (cc) 
No PEEP 1.5 £0.16 1.41 + 0.16 —S0 
10cm PEEP 1.71 + 0.12 1.67 + 0.13 +130" 


*AFRC is average change in FRC after 2 hours of pulmonary edema 
with each animal serving as its own control. All control mea- 
surements without PEEP. 

PAverage increase in FRC with PEEP after 2 hours of pulmonary 
edema of 180 cc is significant at p < 0.05. 


Pco,, reflecting total alveolar minute ventila- 
tion, was also similar for both groups. 

In both groups wet-to-dry lung weights in- 
creased an average of 2896 relative to control (p 
< 0.001), confirming the gross observation of 
moderate pulmonary edema. The wet-to-dry 
whole lung weights of the 2 experimental 
groups, however, were virtually identical. In 
Group 1, the wet-to-dry weight ratio of the total 
lung was 5.63 + 0.24 and in Group 2, 5.36 + 
0.14. In the controls (no pulmonary edema) the 
ratio was 4.30 + 0.10. 

The control shunt on 10096 oxygen after clo- 
sure of the thoracotomy was 1596 of cardiac 
output in each group. The shunt after 2 hours of 


pulmonary edema with 10 cm of PEEP was not 
significantly different from the animals' own 
controls (Table 3), but in Group 1 the increase 
in shunt during pulmonary edema was statisti- 
cally significant (p « 0.02). 

The FRC after2 hours of pulmonary edema was 
greater in Group 2 with 10 cm of PEEP (Table 4). 
In part, this was due to somewhat larger ani- 
mals. More consistent comparison of FRC was 
achieved by standardizing the volume of FRC 
to a 20 kg total body weight. Twenty kilograms 
was conveniently close to the mean weight of 
the animals used. The difference in FRC be- 
tween the 2 groups after standardization was 


270 cc. Compared with their own control mea- 


surements, Group 1 animals showed a slight, 
statistically insignificant drop in FRC after 2 
hours of pulmonary edema (see Table 4). In the 
animals with 10 cm of PEEP, FRC rose, and this 
increase had moderate statistical significance 
(p « 0.05). 


Comment 

The control wet-to-dry weights in the present 
experiment (4.3:1) are similar to those of 
Fishman, who had a control wet-to-dry ratio of 
4.6:1[12]. In the experimental group of Fishman 
that was closest to the present series of wet-to- 
dry lung weight ratios, 6.6:1 was achieved with 
a transthoracic capillary pressure gradient (LA 
pressure minus COP) averaging 12 mm Hg. In 
the present experiments, the animals sustained 
a transmural pressure gradient (transmural LA 
pressure minus COP) of +7.7 mm Hg and 
achieved wet-to-dry weight ratio of 5.5:1 (the 
two experimental groups combined). Thus, 
both our control and experimental data appear 
to be compatible with previous work using this 
model. 
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We deliberately chose a fairly moderate pres- 
sure gradient for inducing pulmonary edema to 
avoid the possibility of an extremely high capil- 
lary hydrostatic pressure masking or over- 
whelming a possible small effect of increased 
airway pressure. The nearly identical wet-to- 
dry total lung weights in our two experimental 
groups demonstrates no effect of this moderate 
level of PEEP on the accumulation of lung water 
during experimental pulmonary edema of 2 
hours’ duration caused by LA obstruction. 

Alexander and associates [1] at Duke Univer- 
sity created pulmonary edema in dogs by con- 
stricting the ascending aorta following the 
model of Guyton and Lindsey [10]. In their 
data, the LA pressure was plotted against wet- 
to-dry weights over a range of LA pressures. No 
effect of 10 cm HO PEEP on the rate of water 
accumulation was found at any LA pressure al- 
though COP and IPP were not included in 
their plotted data [1]. 

Thus, neither the data of Alexander and col- 
leagues nor our own show any reduction in the 
accumulation of lung water as a result of adding 
10 cm H,O PEEP to controlled ventilation prior 
to pulmonary edema. To extrapolate from these 
observations, it seems reasonable to conclude 
that this level of PEEP would not drive water 
out of lungs already in pulmonary edema. 
These conclusions are in agreement with simi- 
lar theoretical and experimental observations 
regarding the effect of intermittent positive 
pressure on pulmonary edema [9, 14]. 

Positive pressure applied to the airway is 
transmitted in part to the mediastinal, pleural, 
and parenchymal structures within the chest. 
Increasing airway pressure, therefore, increases 
intrathoracic vascular pressures as measured 
relative to the atmosphere [9, 14], a phenome- 
non frequently observed in the animal labo- 
ratory and in the intensive care unit. Thus an 
increase in airway pressure relative to atmo- 
sphere does not necessarily increase the trans- 
mural capillary hydrostatic pressure. Further, it 
has been argued that the observed improve- 
ment in patients with pulmonary edema with 
positive-pressure ventilation has been a func- 
tion of other consequences of positive pressure 
rather than that of physically driving water out 
of alveoli and interstitium [9, 14, 15]. Among 


these are improvement in oxygenation and ven- 
tilation ackieved with a respirator. Also, in- 
creased intrathoracic pressure may reduce pul- 
monary blood volume and impede venous 
return, causing a functional venosection [4, 8, 
14]. 

Experimentally, Courtice and Phipps [6] 
showed in dogs that spontaneously breathing 
against a 4 -o 6 cm H,O end-expiratory pressure 
had no inrpact on the rate of absorption of 
serum instlled transtracheally into the lung. 
Wagner and associates [15], using isolated per- 
fused dog fungs, found no effect of increasing 
airway pressure on the accumulation of lung 
water caused by elevating venous resistance 
and arteria. infusion pressure. These latter ex- 
periments recreate in the isolated perfused lung 
a mechanism for creating pulmonary edema 
similar to that of our own in the intact animals, 
ie., directy increasing capillary hydrostatic 
pressure bv obstructing venous outflow from 
the lung. 

This is not to say that PEEP has no role in 
therapy for severe pulmonary edema. We fre- 
quently observe benefits from adding PEEP to a 
respirator ia the treatment of a variety of pul- 
monary disorders, including pulmonary 
edema. Our objective, rather, is to define the 
specific mechanisms of this improvement. 
PEEP is known to increase FRC [7, 13], and this 
effect is reinforced by our data. Falke and co- 
workers [7] showed an increase in FRC in adult 
humans of approximately 560 ml for 10 cm of 
PEEP, a result comparable to our 180 cc increase 
in FRC in dogs less than a third the weight of 
adult humens. By keeping tidal ventilation at 
higher lung volumes, collapse of small periph- 
eral airways and alveoli can be prevented, 
thereby im2roving the distribution of ventila- 
tion and rratching the ventilation and perfu- 
sion [2, 7, 13]. This increase in FRC causes a 
decrease ir intrapulmonary shunt [7, 13], as 
exemplifiec by our results. 

It is probable that this effect of increasing 
FRC as emphasized by Falke [7] and Powers [13] 
and their associates and by others is the pri- 
mary benefit of 10 cm H,O PEEP rather than 
any direct effect of positive airway pressure of 
this magnitde on the dynamics of water trans- 
fer across pulmonary capillay membranes. 


de 
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These conclusions, drawn from a specific ani- 
mal model of pulmonary edema secondary to 
LA obstruction, probably can be applied to 
other acute respiratory distress syndromes 
characterized by an increase in lung water. 
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Notice from the American Board oz Thoracic Surgery 


The 1979 annual certifying examination of the 
American Board of Thoracic Surgery (written 
and oral) will be held Mar 22-24, 1979, in Mile Rd, Detroit, MI 48205. 
Chicago, IL. Final date for filing application is 
Aug 1, 1978. 


Please address all communications to the Ameri- 
can Board of Thoracic Surgery, 14640 E Seven 


Thoracoscopy: A Useful Tool 
in the Diagnosis of Thoracic Disease 
Joseph I. Miller, M.D., and Charles R. Hatcher, Jr., M.D. 


ABSTRACT During a 12-month period, 11 patients 
underwent diagnostic thoracoscopy for previously 
undiagnosed thoracic disease. In all patients, the 
diagnosis had been unobtainable by the usual diag- 
nostic modalities of bronchoscopy, scalene node 
biopsy, mediastinoscopy, thoracentesis, or closed 
pleural biopsy. Thoracoscopy was diagnostic in 10 of 
the 11 patients. There was no morbidity or mortality. 
In all patients the indication for thoracoscopy was 
suspected malignancy. The majority of patients had 
recurrent pleural effusions in which routine cytolog- 
ical studies and tissue biopsies had been nondiag- 
nostic. Pathological findings were mesothelioma in 3 
patients, primary carcinoma of the lung in 4, conges- 
tive heart failure with pleural effusion in 1, meta- 
static carcinoma in 2, and inflammatory disease in 1 
patient. Indications, techniques, and results are dis- 
cussed. Thoracoscopy is a valuable tool in the diag- 
nosis of thoracic disease; with it, unnecessary 
thoracotomy can often be avoided. 


Although introduced in 1910 as a diagnostic 
modality [1], thoracoscopy has only recently 
gained the renewed interest of thoracic sur- 
geons and pulmonary specialists in the United 
States. It was reinstituted as a diagnostic proce- 
dure on the thoracic service of Emory Univer- 
sity Affiliated Hospitals in July, 1976. This re- 
port details the experience with 11 patients who 
underwent diagnostic thoracoscopy for previ- 
ously undiagnosed thoracic disease during a 
12-month period. 


Material and Method 
From July 1, 1976, to July 1, 1977, 11 patients 
with previously undiagnosed thoracic disease 
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underwent direct diagnostic thoracoscopy. 
There were 4 women and 7 men, and they 
ranged from 54 to 74 years old. All patients had 
recurrent pleural effusions or suspected pleural 
disease thet remained undiagnosed by the 
usual diagnostic modalities of bronchoscopy, 
thoracentes:s, closed pleural biopsy, or medias- 
tinoscopy. The indications for thoracoscopy 
were suspected carcinoma in 7 patients and 
inflammato-y disease in 4 patients. Thoracos- 
copy was ciagnostic in 10 of the 11 patients. 
There was no morbidity or mortality. 

The pathological findings at thoracoscopy 
were: mescthelioma, 3 patients; primary car- 
cinoma of the lung, 4 patients; congestive heart 
failure, 1 patient; metastatic carcinoma, 2 pa- 
tients; and inflammatory disease, 1 patient. 

All 11 patients underwent diagnostic thoracos- 
copy in the operating room under general anes- 
thesia using the following technique. The pa- 
tient is in tne supine position with the side of 
chest involvement elevated to 30 degrees on 
two rolled-up sheets. A 2.5 cm incision is made 
in the fifth or sixth intercostal space in the an- 
terior axillery line. The incision is deepened 
with a Kelly clamp, and the pleura is punctured 
with the tir of the clamp. Pleural abnormalities 
and possib_e nodularities are sought, and any 
pleural adh2sions are broken up. If pleural fluid 
is present, it is aspirated and sent for testing. 
The thoracoscope is then introduced. 

Initially, we used an Olympus broncho- 
fiberscope, which was introduced through a 
No. 32 Argyle chest tube after the tube had 
been inserted into the pleural space, but this 
method limited visibility and flexibility. A Car- 
lens fiberoptic mediastinoscope gave very satis- 
factory results. It permitted excellent visualiza- 
tion with maneuverability. In addition, it has a 
good set of instruments with which to take bi- 
opsy specimens. More recently, we have been 
using a Stérz thoracoscope. The improved op- 
tics with this instrument and the ease with 
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Fig 1. (A) Chest roentgenogram from Patient 1 showing 
large left pleural effusion. (B) After thoracentesis, 
roentgenogram reveals a lesion in the left lower lobe and 
pneumothorax resulting from closed pleural biopsy. 


which we can operate through it have greatly 
enhanced the procedure. 

Our technique permits excellent visualization 
of the diaphragm, pericardium, hilum, parietal 
pleura, and lower lobes. On occasion, we em- 
ploy the rigid Jackson bronchoscope to vi- 
sualize the apical pleura and apices of the lung. 

When the examination has been done and the 
biopsy specimens taken, a 6 mm incision is 
made one interspace below the interspace ini- 
tially used and a small Argyle chest tube is in- 
serted and connected to a Pleurevac suction 
unit. The original incision is then closed in two 
layers and a pressure dressing applied. Gener- 
ally, the tube can be removed in 24 hours and 
the patient discharged in 48 hours, or appro- 
priate treatment can be started. 

The following case reports are representative. 


Patient 1 

A 55-year-old white man was seen with a four- 
to six-week history of increasing dyspnea on 
exertion, shortness of breath, and a recurrent 





left pleural effusion. At another hospital, he 
had had thoracentesis and closed pleural biopsy 
on two separate occasions. They were nonre- 
vealing. An upper gastrointestinal and small 
bowel series had shown an abnormality of the 
duodenal loop in the head of the pancreas. He 
had been referred to Emory University Hospital 
with a tentative diagnosis of carcinoma of the 
pancreas. At our hospital, a gastrointestinal se- 
ries, intravenous pyelogram, barium enema, 
and liver scan were all within normal limits. 
The patient underwent repeat thoracentesis 
with removal of 4,100 ml of bloody pleural 
fluid, and a closed pleural biopsy showed only 
chronic inflammation (Fig 1A). A chest roent- 
genogram made after thoracentesis showed 
a nodule in the left lower lobe and pleural 
plaquing (Fig 1B). Thoracoscopy was per- 
formed, and biopsies revealed mesothelioma 
with involvement of the visceral and parietal 
pleura, pericardium, and diaphragm. Radia- 
tion therapy was instituted. 


Patient 2 

A 67-year-old man was seen with a two-week 
history of increasing shortness of breath and 
right pleuritic pain. He had had a right middle 
lobectomy for tuberculosis in 1964. A presump- 
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Fig 2. Chest roentgenogram from Patient 2 showing 
right pleural effusion and right lung atelectasis. 


Fig 3. (A) Chest roentgenogram from Patient 3. There is 
complete opacification of the left hemithorax. (B) After 
thoracoscopy, roentgenogram reveals an entrapped left 
lung and nodularity in the lower portion of the left lung 
with pneumothorax. 
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tive diagnosis of pulmonary embolus was 
made. Thoracentesis revealed an exudative ef- 
fusion (Fig 2), and closed pleural biopsy 
showed chronic nonspecific inflammation. To 
rule out recurrent tuberculosis, a bronchoscopy 
was done and a partially occluded, edematous 
right upper lobe orifice was noted. Brush biop- 
sies and cytologies were negative. Thoracos- 
copy was performed and an inflammatory dis- 
ease was noted in the right lower lobe. Small 
granulomatous-appearing nodules were seen 
on the diaphragm. Biopsies of these revealed 
poorly differentiated carcinoma of the lung. 
Cobalt treatment was instituted. 


Patient 3 


A 70-year-old black woman was seen with a 
six-month history of weight loss and shortness 
of breath. A chest roentgenogram revealed a 
massive left pleural effusion and complete 
opacification of the left hemithorax (Fig 3A). 
Thoracentesis and closed pleural biopsies, both 
done on two occasions, were unremarkable. 
Bronchoscopy revealed extensive compression 
of the superior segment of the left lower lobe 
bronchus. Two brush biopsies were negative. 
Thoracoscopy revealed the left lung to be com- 
pletely entrapped by a thick, fibrous peel (Fig 
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3B). Small whitish nodules were present on the 
diaphragm, pericardium, and pleura. Biopsy 
revealed metastatic adenocarcinoma. Chemo- 
therapy was instituted. 


Patient 4 


A 55-year-old white woman was seen with a 
history of shortness of breath and left pleuritic 
pain. A chest roentgenogram revealed a left 
pleural effusion and a left lower lobe infiltrate 
(Fig 4). Thoracentesis revealed a bloody left 
pleural effusion. A lung scan was compatible 
with pulmonary emboli to the left lower lobe. 
The patient was treated with anticoagulant 
therapy. Three months later a chest roentgeno- 
gram revealed a persistent left lower lobe 
infiltrate and recurrent effusion. Tuberculosis 
was suspected. Bronchoscopy was negative. 





b Thoracentesis revealed an exudative pleural ef- 
E = fusion with Class III cytology. Closed pleural 
Fig 4. Chest roentgenogram from Patient 4 revealing left biopsy was negative. Thoracoscopy was per- 
lower lobe atelectasis and pleural effusion. formed and a biopsy of pleural implants was 


done. A diagnosis of malignant mesothelioma 
was made, and radiation therapy was insti- 





tuted. 
Data on 11 Patients Undergoing Thoracoscopy 
Patient No., 
Age at 
Operation Roentgenographic Thoracoscopy 
(yr), and Sex Findings Procedures Findings 
SS a ee a AERE EE: a VET 
t. oo, M Effusion, B, lyk Mesothelioma 
infiltrate 
2. 67, M Effusion, D IP Cancer 
infiltrate 
3.70, P Effusion BTF MAC 
4.55, F Effusion, B,T,P Mesothelioma 
infiltrate 
5. 66, F Effusion ET: P CHF 
6.74, M Effusion, B.T Cancer 
infiltrate 
7.54,M Effusion B,T,P Inflammatory 
disease 
8. 74, M Effusion By tok Cancer 
infiltrate 
9. 66, M Effusion, > A PE Cancer 
nodule 
10. 62, M Effusion E Iq MAC 
11. 61, F Effusion, D IP Mesothelioma 
infiltrate 


EERE PM — i — HÀ a re eS E a ee ee ee 
B = bronchoscopy; T = thoracentesis; P = pleural biopsy; CHF = congestive heart failure; MAC = metastatic adenocar- 
cinoma. 
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Data on all the patients are summarized in 
the Table. It will be noted that 9 patients had a 
malignant process and 2 had benign disease. 


Comment 


Though thoracoscopy was introduced in 1910 as 
a diagnostic modality, only in the last few years 
have American surgeons begun to employ the 
procedure. The usual diagnostic techniques of 
bronchoscopy, thoracentesis, closed pleural 
biopsy, and mediastinoscopy can be employed 
for the majority of patients with pleural effu- 
sion or suspected pleural disease. However, 
there is still a large number of patients in whom 
a tissue diagnosis cannot be obtained or in 
whom a malignant process is suspected despite 
inflammatory findings. 

In the past, these patients were generally 
subjected to a limited thoracotomy or mini- 
thoracotomy with an open biopsy of the 
lung and pleura. When diagnostic thoracoscopy 
is employed, generally the diagnosis can be 
made with adequate tissue biopsy, and an un- 


necessary diagnostic thoracotomy can be 
avoided. This procedure was diagnostic in 10 of 
our 11 patients, and no patient required 
thoracotomy. 

As with any new technique, the accuracy and 
ease of the procedure will increase as the sur- 
geon gains experience. We believe that the pro- 
cedure is best carried out in the operating room 
under general endotracheal anesthesia. The 
procedure usually requires less than 30 min- 
utes, and the chest tube can be left in for drain- 
age of pleural effusion and for chemical 
pleurodes:s if malignancy is found. Biopsies 
can be accurately and easily obtained, defini- 
tive diagnosis can be quickly established, and 
appropriate therapy can be instituted. 
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Our free trialoffer is a trap. 


The William Harvey H-600 Pre-Bypass 
Filter traps particles five microns or larger in the 
extracorporeal circuit. This is accomplished 
by high flow circulation through the H-600 prior 
to initiating cardiopulmonary bypass. 

Particle contamination in cardiopulmonary 
bypass is well documented.'? In fact, in one 
study vast amounts of particulate matter were 
removed from seven types of leading bubble 
oxygenators.' These particles pose a real threat 
for obstruction of vascular channels of significant 
size and number? It is believed a filter media of 
five microns is sufficient to trap all particles 
large enough to cause arteriolar or capillary 
obstruction yet still allow a high flow rate. 

For your free trial offer of the H-600 Pre- 
Bypass Filter, simply fill in and mail the coupon 





WILLIAM HARVEY" 


below. Or, if you prefer, send your request on your 
stationery. But be forewarned, it's a trap. Once 
you appreciate the extra margin of safety the 
H-600 Pre-Bypass Filter provides, you'll want to 
make it a standard part of your priming procedure. 


All cellular primes are contraindicated for 
use with the H-600. 


1. Reed, C.C., Romagnoli, A., Taylor, D.E. and Clark, D.K.: Particulate 
Matter in Bubble Oxygenators, J. Thorac. Cardiovasc. Surgery, 
Vol. 68, No. 6, Dec. 1974. 

2. Austen, W.G. and Howry, D.H.: Ultrasound to Detect Bubbles or 
Particulate Matter During Cardiopulmonary Bypass, J. Surg. Res. 
5:283, 1965. 

3. Hubbard, L.C.: et. al: Spallation Using Roller Pumps and Its Clinical 
Implications, Presented at the Thirteenth International 
Conference, The American Society of Extra-Corporeal 
Technology, Portland, Oregon, July 30-August 2, 1975. 


Okay, trap me. l'd like to provide an extra margin of 
patient safety. Please send me a free H-600 Pre-Bypass Filter* and 
let me find out for myself. 


SIGNATURE NAME 
William Harvey, Division of C.R. Bard, Inc. 
1425 South Village Way, 
Santa Ana, CA 92705 714/835-2422 TITLE INSTITUTION 
ADDRESS CITY 
STATE ZIP 


Offer limited to one H-600 per institution. Offer expires August 1, 1978. 
*Currently, H-600 s are only available with %” inlet and '2” outlet. Additional sizes will be available so 
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The Pacing for Life™ Warranty 
provides this assurance to the 
patient who receives 
Medtronic Xyrel"-VL or 
Xyrel®-VP pulse generators: If 
the pulse generator fails to 


function within normal 

tolerances for any reason 

(including exhaustion of the 

battery or other component), 
Medtronic will provide for the 
patient a functionally 

comparable Medtronic®™ pulse 
generator at no charge. In 

addition, if the failure is due to a 
defect in materials or workmanship, 
Medtronic will reimburse the patient 
for up to $450.00 of reasonable, 
uninsured medical expenses incurred 
in connection with the replacement. 


This same warranty will apply to any 
Medtronic® replacement pulse generator 
supplied pursuant to its terms.* 








NOW AVAILABLE FOR YOUR PACEMAKER 
PATIENTS FROM MEDTRONIC® 





That's right, doctor. If your patient receives a Xyrel*- VL or 
Xyrel®-VP pacemaker, Medtronic will provide a lifetime 
pacemaker replacement guarantee. If the pacemaker 
fails for any reason — any reason — Medtronic will re- 
place it. Free. 


For further information on the pacemakers covered by 
the Pacing for Life™ program, contact your Medtronic 
representative, or write or call Medtronic directly at 3055 
Old Highway Eight, Minneapolis, Minnesota 55418. (612) 
574-4000 





XYREL®-VP 


XYREL®-VL 


Pacing for Life™. Xyrel* and Medtronic” are trademarks of Medtronic, Inc., Minneapolis. Minnesota US 4 


See disclosure statement on followina page 





MEDTRONIC® 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality forthe 
control of heart rate. The patient’s age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the heart via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddles are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimately cease to function, 
and may fail at any time due to random com- 
ponent or battery failures which cannot be 
predicted prior to failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator /lead 
through skin, transvenous lead-related throm- 
bosis, embolism and cardiac tamponade. 


ro Meatronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 





Correction of Pectus Excavatum 
Without Prostheses or Splints: Objective Measurement 


of Severity and Management of Asymmetrical Deformities 


J. Alex Haller, Jr., M.D., Dennis W. Shermeta, M.D., Joseph J. Tepas, M.D., 
H. Richard Bittner, M.S., and E. S. Golladay, M.D. 


ABSTRACT From 1949 to 1977, 254 children un- 
derwent surgical reconstruction of pectus exca- 
vatum by means of a variety of operations at The 
Johns Hopkins Hospital. From 1970 to 1977, 68 
children had a modified Ravitch repair, with the 
addition of a tripod internal fixation technique for 
support of the sternum. These children obtained ex- 
cellent cosmetic reconstruction without prosthetic 
support or splints. 

During an 18-month period we used a new system 
of caliper measurement of the spatial anatomy of the 
thoracic cage in more than 50 children. During the 
same period, we originated an operative step to cor- 
rect the not uncommon asymmetrical excavatum that 
is usually deeper on the right and associated with a 
troublesome rotation of the sternum, found in 9 of 
the last 27 children seen. Correction was accom- 
plished with an oblique anterior sternal osteotomy. 

The groups were analyzed and compared with re- 
spect to age, postoperative complicatiens, and end 
results in order to identify trends in the management 
of children with this condition. On the basis of this 
experience, we feel confident in recommending a 
standardized operation for all forms of pectus ex- 
cavatum at an elective age between 4 and 6 years and 
without prosthetic splints. 


From 1949 to 1977, 254 children underwent sur- 
gical reconstruction of pectus excavatum at The 
Johns Hopkins Hospital. A variety of operative 
techniques were employed. From July, 1970, to 
July, 1977, an identifiable group of 68 children 
had a standard operation, a modified Ravitch 
repair [12], combined with a tripod internal fix- 
ation technique for support of the sternum [6]. 
From the Division of Pediatric Surgery, The Johns Hopkins 
University School of Medicine, Baltimore, MD. 
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They obtained excellent cosmetic reconstruc- 
tion without prosthetic support or splints of 
any kind. With this technique, we avoided the 
possible danger of foreign material within the 
chest and obviated the need for another proce- 
dure to remove a supporting splint. Three other 
patients needed an Adkins metal splint [1] in 
addition to the standard repair because of spe- 
cial circumstances. 

The follow-up results are presented in two 
arbitrary groups: series 1 with a follow-up of 8 
to 28 years and series 2, 6 months to 7 years 
(Table 1). Patients with a follow-up of less than 
6 months were not included in this tabulation. 
Approximately 90% of all children had accept- 
able to excellent results. 

The trend toward performing operative re- 
pair just before a child enters grade school is 
reflected in Table 2. While the majority of pa- 
tients in our recent experience ranged from 3 
through 5 years old, there were some teenage 
patients because they were not referred until 
late childhood. Between 4 and 6 years old is our 
elective choice for the procedure; it allows for 
the development of enough emotional maturity 
to make hospitalization less traumatic for the 
child and avoids much of the psychological 
stress that may result from recognition of the 
cosmetic deformity in a child by his peers [7]. 

One of the most difficult remaining problems 
in the management of chest wall deformities, 
especially pectus excavatum, is how to measure 
and record accurately and objectively the de- 
gree of deformity. The technique of measure- 
ment must also allow for a comparison between 
the preoperative deformity and the postrepair 
improvement. Various solutions have been 
suggested [2, 5, 17].* 

For several years we have used calipers (simi- 
lar to those employed to measure pelvic 


*Humphreys G: Personal communication, 1977. 
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Table 1. Follow-up Results in 174 Patients? 








Series 1: Series 2: 

>8 Yr >6 Mo 

Follow-up Follow-up 
Result (8-28 yr) (6 mo-7 yr) Total 
Excellent 65 53 118 (68%) 
Acceptable 24 13 37 (2196) 
Poor 9 0 9 (5%) 
Reoperation 10 0 10 (6%) 

Total 108 66 174 (100%) 





“These data do not include those patients with a follow-up 


of less than 6 months. 


Table 2. Age at Operation for 254 Patients with 


Pectus Excavatum 


Age at 
Operation Series 1 
(yr) (1949-1970) 
<2 38 
3-5 89 
6-14 38 
15 18 
Total 183 


Series 2 
(1970-1977) Total 


0 38 (15%) 
32 121 (48%) 
31 69 (27%) 

8 26 (1096) 
71 254 (100%) 





Fig 1. Chest contour recorder. Present design of the 
coaxial planimetric recorder. 


1978 


diameters in pregnant women) to map the con- 
figuration of the chest. These measurements are 
along lines recorded by pediatricians interested 
in observing chest configuration in children 
with cystic fibrosis and are made at various 
levels of tne chest wall in both the anteropos- 
terior and lateral dimensions. However, be- 
cause the recordings are difficult to visualize in 
a spatial dimension, we developed a type of 
spatial planimetry, as shown in Figure 1. The 
child is supine on a standard flat table on which 
the pivotal arm of the coaxial planimeter is 
mounted. At 2-cm intervals the circumference 
of the chest and its spatial configuration are 
transcribed by the writing arm as selected posi- 
tions are traced around the chest. The back on 
the flat table is a constant reference point. These 
measurements look like cross-sectional cuts at 
2-cm increments. The width of the chest and its 
length from umbilicus to suprasternal notch are 
also recorced on the graph. These figures be- 
come a part of the patient's permanent record 
and can be used for follow-up comparison. 
We are reporting our preliminary experience 
with this technique of measurement because it 
is simple in design and the early results look 
quite promising. We do not yet have enough 
follow-up to be sure of the efficacy of compara- 
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Fig 2. The pectoralis major muscles are retracted later- 
ally. An extensive cartilage abnormality is seen with 


more severe depression of the right side. 
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Fig 3. Subperichondrial resection of involved cartilages 
has been completed and intercostal musculature divided 
at the sternal attachment, thereby allowing the sternum 
to be elevated and rotated into normal position. The 
oblique osteotomy and beveled incisions in the second 
cartilages have been completed in preparation for the 
tripod fixation. 


tive measurements, but preoperative and early 
postoperative measurements in a small number 
of patients give objective confirmation of prior 
subjective impressions of excellent, acceptable, 
and poor categories. We are hopeful that others 
will find this technique useful and that a larger 


jy ded 


Nee P elated 
to normal position 


number of patients can be gathered relatively 
quickly from a combined experience. 

The operative technique that has become 
standard in our pediatric surgery service is the 
modified Ravitch procedure [6, 11]: a trans- 
verse skin incision, subperichondrial removal 
of all abnormal costal cartilages, an anterior 
transverse cuneiform (wedge) osteotomy, and 
internal tripod fixation for support of the 
repositioned sternum. The operation has af- 
forded excellent results and its use avoids the 
potential complications and relative nuisance 
of metal splints and struts [8—10, 14—16]. 


^ ostal cart. 


77 Haller et al: Correction of Pectus Excavatum 


m 


n 


ji 








Fig 4. The costal cartilage supports have been completed 
at the second rib. The periosteal sutures are being placed 
to close the cuneiform osteotomy, thereby providing the 

third component of the tripod. A cartilage block may be 

used to elevate the right side of the tripod. 


We have become increasingly aware of a 
major variant of severe pectus excavatum. It has 
an asymmetrical, deep concavity associated 
with rotation of the sternum to the right, occa- 
sionally as much as 60 to 70 degrees from the 
long axis. Simple elevation and support of the 







Medial costal cat 
placed above tat. 





cart. 






- 
DHL. Xn 
Cap] BATIDE ** 
* >? 
LL "uta te. Oe 


Alternate 


‘Cart. 
block 


| 
oe 


sternum in this asymmetrical deformity will not 
correct the counterclockwise rotation of the 
sternum and will not give an acceptable result. 

We have evolved what appears to be a satis- 
factory technique of correcting this variant. The 
operative procedure is illustrated in Figures 2, 
3, 4, and 5. The essential additional step is to 
substitute one oblique, rotational osteotomy 
(occasionally two) for the standard transverse 
osteotomy (see Figs 3, 5). Nine of the last 27 
children we saw demonstrated this complicated 
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Fig 5. In more severe cases, a second oblique osteotomy 
can be performed to rotate and elevate the sternum more 
completely. 


defect, and all deformities were successfully 
corrected with this technique. Seven of the 9 
were not yet teenagers and had good results 
without other modifications. The remaining 2 
were teenagers with very long sternum bones 
and Poland’s syndrome [11], including partial 
absence of the pectoralis major muscle on the 
right and hypoplasia of the same breast (both 
were girls). For these reasons, an Adkins metal 
strut [1] was used to supplement the support of 
the otherwise standard repair because we were 
concerned about a possibly unstable support on 
the right side. Ravitch suggested other opera- 
tive approaches for more complex deformities 
[13]. Both patients had good early results, but 
only 6 and 11 months had elapsed since opera- 
tion at the time of writing. 

The entire group of 254 children were 
analyzed and compared with respect to age dis- 
tribution and end results to detect trends in the 
evolving management of this anomaly of the 
chest wall. It has become clear to us that the 
main indications for operative correction are 
cosmetic, postural, and perhaps preventive of 





cardiac and pulmonary dysfunction in adult life 
[4]. On the basis of this experience, we now feel 
confident in recommending a standardized op- 
eration for the severe forms of symmetrical, 
central pectus excavatum at an elective pre- 
school age (4 to 6 years) and without prosthetic 
splint support. We hope the new technique of 
serial spatial planimetry will provide more ob- 
jective measurements of the deformity, help in 
the decisions regarding indication for opera- 
tion, and permit better evaluation of postopera- 
tive results. The additional operative technique 
of oblique rotational osteotomy may be useful 
in the less common variety, the asymmetrical 
deformity with sternal rotation. Our prelimi- 
nary results with this operative approach are 
encouraging. 


References 


1. Adkins PC, Groff DB, Blades B: Experiences with 
metal struts for chest wall stabilization. Ann 
Thorac Surg 5:246, 1968 

2. Backer OG, Brunner S; Larsen V: The surgical 
treatment of funnel chest: initial and follow-up 
results. Acta Chir Scand 121:261, 1961 

3. Bay V, Farthmann E, Naegele U: Unoperated fun- 
nel chest in middle and advanced age: evaluation 
of indications for operation. J Pediatr Surg 5:606, 
1970 

4. Beiser GD, Epstein SE, Stampfer M, et al: Impair- 
ment of cardiac function in patients with pectus 


=. 


79 


10. 


Haller et al: Correction of Pectus Excavatum 


excavatum, with improvement after operative 
correction. N Engl J Med 287:267, 1972 


. Gyllensward A, Irnell LM, Qvist O, et al: Pectus 


excavatum—a clinical study with long-term post- 
operative follow-up. Acta Paediatr Scand [Suppl] 
255:3, 1978 


. Haller JA Jr, Katlic M, Shermeta DW, et al: Opera- 


tive correction of pectus excavatum: an evolving 
perspective. Ann Surg 184:554, 1976 


. Haller JA Jr, Peters GN, Mazur D, et al: Pectus 


excavatum: a 20 year surgical experience. J Thorac 
Cardiovasc Surg 60:375, 1970 


. May AM: Operation for pectus excavatum using 


stainless steel wire mesh. J] Thorac Cardiovasc 
Surg 42:122, 1961 


. Mayo P, Long GA: Surgical repair of pectus ex- 


cavatum by pin immobilization. J Thorac Car- 
diovasc Surg 47:814, 1964 

Peters RM, Johnson G Jr: Stabilization of pectus 
deformity with wire strut. J Thorac Cardiovasc 
Surg 47:814, 1964 


11 


12; 


13, 


14. 


15; 


16. 


if, 


Poland A: Deficiency of the pectoral muscles. 
Guys Hosp Rep 6:191, 1841 

Ravitch MM: Technical problems in the operative 
correction of pectus excavatum. Ann Surg 162:29, 
1965 

Ravitch M: Congenital Deformities of the Chest 
Wall and their Operative Correction. Philadel- 
phia, Saunders, 1977 

Rehbein F, Wernicke HH: The operative treat- 
ment of the funnel chest. Arch Dis Child 32:5, 
1967 

Salamaa M: Funnel chest—operative method and 
late results. Z Kinderchir 8:22, 1970 

Sanger PW, Robicsek F, Taylor FH: Surgical man- 
agement of anterior chest deformities: a new 
technique and report of 153 operations without a 
death. Surgery 48:510, 1960 

Welch KJ: Satisfactory surgical correction of pec- 
tus excavatum deformity in childhood: a limited 
opportunity. J Thorac Cardiovasc Surg 36:697, 
1958 


HOW TO DO IT 


Marlex Mesh Support for the Correction 
of Very Severe and Recurrent Pectus Excavatum 


Francis Robicsek, M.D. 


ABSTRACT A method for the correction of very se- 
vere and recurrent pectus excavatum is presented. 
The technique consists of mobilization of the ster- 
num, transverse osteotomy, parasternal resection of 
the costal cartilages (modified Ravitch procedure), 
followed by placement of Marlex mesh behind the 
sternum and suturing the edge of the Marlex mesh to 
the peripheral stump of the resected ribs. This 
method has been used with good results in 6 pa- 
tients, 2 of them with recurrent deformities. 


If there are too many methods 
for the treatment of the same 
disease, none of them is 
satisfactory. 


Paul W. Sanger 


The criteria for operative correction of pectus 
excavatum are now well accepted. There is gen- 
eral agreement that if the deformity is severe 
enough, it should be surgically corrected. How- 
ever, opinions still vary widely as to which tech- 
nique to use to improve and stabilize the posi- 
tion of the sternum. Since Ludwig Meyer [10] 
performed his first operation for pectus ex- 
cavatum in 1911, more than two dozen different 
procedures have been recommended for the 
correction of this deformity. All these tech- 
niques can be divided roughly into the follow- 
ing groups: (1) operations that do not use 
special support or fixation [3, 9, 26, 27]; (2) 
methods in which external support is applied 
[2, 7, 11, 25]; and (3) procedures using internal 
support [1, 4]. 

At the Tenth Anniversary Meeting of the So- 
ciety of Thoracic Surgeons in 1974, we pre- 
sented our experience with 650 pectus ex- 
cavatum operations performed over a 25-year 
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span witn no mortality and with very few major 
complications [18]. Our own methods [17-20, 
22, 23] were applied in these cases, and by and 
large they yielded satisfactory cosmetic and 
functional results. However, there remained a 
small but consistent number of patients in 
whom the results were less than acceptable. 
Most of these patients were adolescents or 
young adults, and they usually exhibited some 
of the stigmata of Marfan's syndrome. They had 
very severe sternal depression that was some- 
times associated with axial rotation of the ster- 
num, and several had undergone one or more 
unsuccessful attempts to correct their anomaly. 
We have experimented with different meth- 
ods to cope with this situation and have de- 
veloped a technique that in our experience has 
offered excellent results, especially in patients 
with verv severe or recurrent sternum depres- 
sion. The procedure has been applied in 6 pa- 
tients, 2 of whom had recurrent deformities. 


Method 


The operation begins according to the classic 
principles laid down by Ravitch [12-16]. With 
the patient under endotracheal anesthesia, a 
slightly upward convex transverse incision is 
made over the midsternum. The pectoralis 
muscles are detached on both sides of the ster- 
num, then stripped and retracted laterally; 
thereupon, all involved cartilages are exposed. 
The depressed segments are resected sub- 
periosteally. 

A transverse cuneiform osteotomy of the 
sternum at the beginning of its abnormal 
downward curve is performed next. Care is 
taken to do the osteotomy in a line that falls to 
an intercostal space rather than at a chondro- 
sternal junction. The xiphoid process is detached 
from the sternum and is allowed to retract 
downward. The tip of the sternum is then lifted 
with a towel clip, and, with blunt and sharp 
dissection, the sternum is freed of its mediasti- 
nal, perichondrial, and intercostal attachment. 


~ 
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Fig 1. (A) Operative situs following transverse os- 
teotomy, resection of the cartilages, and Marlex mesh 
support of the depressed sternum in severe pectus ex- 
cavatum. (B) After correction of extensively severe de- 
formity involving the entire length of the sternum. 


The bone is then bent forward to a slightly 
overcorrected position. The right pleural cavity 
is entered deliberately and drained through an 
intercostal water-sealed catheter to prevent ac- 
cumulation of blood in the wound itself and to 
assure undisturbed wound healing. 

To stabilize and maintain the sternum in its 
corrected position, a piece of Marlex mesh is cut 
to approximate size, placed under it, and su- 
tured under slight tension to the distal ends of 
the divided costal cartilages with nonabsorb- 
able heavy filament (Fig 1). If the pectoralis 
muscles are well developed, they are joined to- 
gether in the midline, above the sternum. If 
they are hypoplastic, they are reattached to the 
sternal edge (Fig 2). 

If the operation is performed for recurrent 
(which usually means inadequately corrected) 
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pectus deformity, the procedure is modified ac- 
cording to the specific anatomical situation. 
The removal of the fibrous lamina, consisting 
of the remnants of intercostal muscles and re- 
generated cartilages, is usually done more spar- 
ingly. However, the line of resection is carried 
more laterally, leaving a portion of this lamina 
attached to the sternum. The transection of the 
lamina is facilitated by early and deliberate 
entry of the right and, if necessary, the left 
pleural space. The fibrous plate is cut through 
in one layer without attempting to do a sub- 
periosteal resection. In rare cases in which 
nodular prominence of the sternocostoclavicu- 
lar junction is part of the deformity, the dissec- 
tion is carried around the entire circumference 
of the sternum. The attachment of the clavicles 
and the first ribs are cut across with a Gigli saw, 
and the prominent bone is sculptured off with a 
chisel. In such cases of extensive mobilization 
of the sternum, we do not dissect the mediasti- 
nal tissue from the upper third of the posterior 
surface, but transect the chest wall lateral to 
the mammary vessels, leaving them on the pos- 
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Fig 2. Cross-sectional view of the procedure. (A) Ana- 
tomical situs. (B,C) Following resection of the carti- 
lages. (D) After Marlex mesh support. (E) Following 
approximation of the anterior chest muscles. 


terior surface of the sternal plate to assure an 
adequate blood supply. According to our ex- 
perience, even such an extensive dissection 
does not lead to flail chest, and the cross- 
sectioning and partial resection of the sterno- 
clavicular connection does not require special 
stabilization measures. This is in agreement 
with our previous observations with total ster- 
nectomies in infectious processes [17]. 

While repair of pectus excavatum is a rela- 
tively simple operation in the majority of cases, 
it can also create significant technical difficul- 
ties. The primary obstacle is not that the 
operator has to correct the position of the de- 
pressed sternum, but that he has to stabilize the 
breastbone stripped of its cartilaginous support 
in this elevated state. To overcome this hand- 
icap, several investigators advocated both ex- 
ternal and internal support; the former proved 
to be too cumbersome to be used, and the latter 
presented its own potential complications, such 
as necrosis, detachment or fracture (autogenous 
ribs), dislodgment or fracture (metal plates and 


splints) [22], and injury to the mediastinal struc- 
tures (Steinman pins and Kirschner wires) [6]. 

The method of repair advocated here falls 
into the category of operations Ravitch [15] 
labeled “hammock support" procedures. It is 
intended to uphold and stabilize the floating 
sternum as a hammock supports a sleeper. For 
such “hammock” material, autogenous tissue 
was recommended by Daniel [5] in 1958 and by 
us in 1963 [17-20, 22, 23], Marlex by Hoffman 
[6] in 1966, Marlex and Kirschner wire by 
Ravitch [14] in 1964, and Teflon-felt again by 
Ravitch [15] in 1976. In our experience, this 
“hammock principle" proved to be superior to 
other forms of pectus excavatum repair. For 
cases of medium severity, we still utilize our 
modification of hammock support with au- 
togenous tissue [17-20, 22, 23]. For severe 
cases, especially if the deformity is recurrent, 
we recommend the method presented in this 


paper. 
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Placement of Pericardial Drainage Tube for 
the Treatment of Pneumopericardium in the Neonate 
Robert W. Emery, M.D., William G. Lindsay, M.D., 


and Demetre M. Nicoloff, M.D., Ph.D. 


ABSTRACT A method for resolving the life- 
threatening complication of neonatal pneumo- 
pericardium is described. In patients suspected 
of having this complication, needle aspiration 
of the pericardial sac should be performed to 
confirm the diagnosis. Then a tube should be in- 
serted directly into the sac, attached to continuous- 
suction drainage, and allowed to remain in place 
until positive end-expiratory pressure is discon- 
tinued. The technique has not been associated with 
morbidity, mortality, or recurrence of pneumo- 
pericardium. 


Pneumopericardium is a complication of the 
treatment of respiratory distress syndrome as- 
sociated with the use of mechanical ventilation 
and positive end-expiratory pressure (Fig 1). 
The presentation of pneumopericardium is 
spectacular in the symptomatic infant, man- 
ifested by acute cardiac tamponade with symp- 
toms of hypotension, bradycardia, acidosis, 
muffled heart sounds, and cyanosis. Treatment 
must be undertaken immediately and is lifesav- 
ing [1, 2]. This complication has occurred in 28 
patients at the University of Minnesota Hospi- 
tals and St. Paul Children's Hospital. We have 
found that definitive therapy is necessary be- 
cause there is a high incidence of recurrence 
and increased mortality when temporizing 
methods are utilized. Our experience has led us 
to conclude that the method of treatment de- 
scribed here is most effective. 

In the symptomatic patient when the diag- 
nosis of pneumopericardium is suspected, nee- 
dle aspiration of the pericardial sac should be 
performed to resolve the acute cardiovascular 
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Fig 1. Anteroposterior roentgenogram demonstrating 
pneumopericardium in a neonate. 


collapse. After the diagnosis is confirmed, a 
tube should be placed directly into the pericar- 
dial sac (Fig 2). This procedure can be done on 
the ward under sterile conditions. An area of 
skin (1 to 2 cm) in the midline directly under the 
xiphoid process is infiltrated with local anes- 
thetic. A skin incision is made in the midline 
and continued through the linea alba. The bulg- 
ing pericardial sac will reveal itself as the dia- 
phragmatic fibers are dissected from the ster- 
num. The sac wall can be grasped with forceps 
and incised to admit a 10F or 12F chest drainage 
catheter into the anterior part of the pericar- 
dium under direct vision. The skin is then 
closed around the tube, anchoring it in place. 
The tube is attached to continuous-suction 
drainage and should remain in place until posi- 
tive end-expiratory pressure is discontinued to 
prevent recurrence. 

Since 2 out of 5 asymptomatic patients 
with pneumopericardium died before treatment 
could be instituted once they became symp- 
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Fig 2. Placement of a pericardial tube in an infant with 
pneumopericardium. (a) A 1 cm skin incision is made at 
the midline through the linea alba. (b) After the dia- 
phragmatic fibers are dissected from the sternum, the 
bulging pericardial sac ts visible. (c) The pericardial sac 
is grasped with forceps and incised. (d) A 10F or 12F 
chest drainage catheter ts inserted anteriorly into the 
pericardial sac. (e) The anchored tube, in place, is ready 
for attachment to suction drainage. 


tomatic, we believe pneumopericardium in 
the asymptomatic patient should be promptly 
evacuated by the placement of a pericardial 
drainage catheter. The use of this technique has 








not been associated with mortality or morbidity 
due to the operati.. procedure. There has been 
no recurrence of »neumopericardium when the 
catheter has ren.ained isi place until positive 
end-expiratory pressure has been discontin- 
ued. 
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CASE REPORT 


Cervical Aortic Arch 


with Retroesophageal Aortic Obstruction: 
Report of a Case with Successful Surgical Intervention 


William E. Hellenbrand, M.D., Michael J. Kelley, M.D., Norman S. Talner, M.D., 
H. C. Stansel, Jr., M.D., and Michael A. Berman, M.D. 


ABSTRACT The clinical, roentgenographic, he- 
modynamic, and angiographic features of a pa- 
tient with a right cervical aortic arch and ret- 
roesophageal aortic obstruction associated with a 
ventricular septal defect are presented. Surgical re- 
lief of the aortic obstruction was successfully 
achieved by placement of a bypass graft between the 
left common carotid artery and the descending 
thoracic aorta. 


The cervical aortic arch complex consists of the 
following: (1) cervical position of the apex of the 
| aortic arch with separate origin of the contralat- 
eral common carotid artery; (2) a retro- 
esophageal descending aorta crossing con- 
tralateral to the arch; and (3) anomalous origin 
of the subclavian artery off the descending aorta 
[6]. This entity has been reported in association 
with ipsilateral separate origins of the external 
and internal carotid artery, stenosis of the con- 
tralateral subclavian artery, and a vascular ring 
(4, 6, 10]. Only 4 cases of cervical aortic arch 
with intracardiac defects have been described 
[5]. 

This communication presents a patient with 
right cervical aortic arch complex, a large ven- 
tricular septal defect (VSD) complicated by se- 
vere narrowing of a tortuous retroesophageal 
segment of the aorta, and contralateral subcla- 
vian artery steal. This is the first report of major 
aortic obstruction associated with a cervical aor- 
tic arch. Relief of this obstruction was success- 
fully achieved by insertion of a bypass conduit. 
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A male infant (birth weight 3.3 kg) was seen 
initially at 10 weeks of age with signs and 
symptoms of severe congestive heart failure. 
(This patient has previously been reported as a 
case of double aortic arch producing obstruc- 
tion to left ventricular outflow tract [2].) Systolic 
blood pressure in the right arm (138 mm Hg) 
was 30 mm greater than in the left arm and legs. 
The right brachial pulse was prominent, but the 
left brachial and femoral pulses were barely 
palpable. Auscultation of the heart revealed a 
pansystolic murmur along the left sternal bor- 
der, consistent with a VSD. An electrocardio- 
gram demonstrated combined ventricular 
hypertrophy. The chest roentgenogram showed 
increased pulmonary vascularity, cardiomeg- 
aly, and a poorly defined aortic knob (Fig 1). 
Cardiac catheterization (Table) and angiog- 
raphy (F:g 2) demonstrated a large left-to-right 
shunt at the ventricular level (QQ, = 2.7/1.0) 
with pulmonary artery hypertension and severe 
obstruction over a long hypoplastic segment of 
descending aorta. Medical management was 
unsuccessful in controlling congestive heart 
failure, end an operation to relieve the aortic 
obstruction was performed. At operation, no 
continuity was found between the left common 
carotid artery and the descending aorta. The 
descending aorta filled from a tortuous ret- 
roesophageal vessel. Pulmonary artery band- 
ing was performed to control the excess pulmo- 
nary blood flow, but no surgical relief of the 
aortic obstruction was attempted. 

The patient was maintained on digitalis and 
diuretics. Systemic hypertension gradually in- 
creased (right arm systolic pressure of 200 mm 
Hg). Repeat heart catheterization at 21/2 years of 
age revealed a peak systolic pressure difference 
of 60 mm Hg between the ascending and de- 
scending aorta. Pulmonary artery pressure was 
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Fig 1. Posteroanterior chest roentgenogram at 10 weeks 
of age demonstrating increased pulmonary vascular- 
ity and cardiomegaly. Note the poorly defined aortic 
knob and the right superior mediastinal widening. 


75/32 mm Hg (mean, 51) and pulmonary vascu- 
lar resistance was elevated at 5 resistance units 
per square meter of body surface area (see the 
Table). The ascending aortogram (Fig 3) re- 
vealed an elongated ascending aorta with the 
arch in the right supraclavicular area. The first 
branch of the ascending aorta was a large left 
common carotid artery. The right external and 
internal carotid arteries arose separately at the 
apex of the arch. The right vertebral and sub- 


Hemodynamic Data 


Case Report: Hellenbrand et al: Cervical Aortic Arch with Aortic Obstruction 


clavian arteries originated from the proximal 
portion of a very tortuous, elongated ret- 
roesophageal aortic segment. This segment ex- 
tended from the first to the sixth thoracic verte- 
bral level, where it communicated with the 
descending thoracic aorta. There was delayed 
retrograde filling of the left vertebral and left 
subclavian artery; the latter communicated with 
the descending aorta at the fifth thoracic verte- 
bral level. 

A second operation was performed through a 
left thoracotomy to relieve the aortic obstruc- 
tion. The aorta was reconstructed with a 12 mm 
Gore-Tex expanded microporous polytetra- 
fluoroethylene graft sutured end to side between 
the left common carotid artery and the descend- 
ing aorta. Postoperative catheterization and an- 
giography at age 4 years 9 months revealed sig- 
nificant hemodynamic improvement (see the 
Table), patency of the graft from the left com- 
mon carotid artery to the left descending aorta, 
and antegrade filling of the left subclavian ar- 
tery (Fig 4). The VSD was successfully closed, 
and the pulmonary artery band was removed at 
age 5 years. 


Comment 


Although cervical aortic arch was described in 
1913 [7], the embryological error responsible for 
this malformation has not been clearly defined. 
A commonly accepted theory is that there is 


Pressures (mm Hg) 


Pulmonary 
Pulmonary Vascular 
Patients Right Pulmonary Artery Left Ascending Descending Resistance 
Age Ventricle Artery Wedge Ventricle Aorta Aorta (RU/m?) AN 5 
2 mo 100/6 100/30 100/15 7.8 2.7:1 
21⁄2 yr 160/12 75/32? A= 18 160/75 100/80 5.0 1.9:1 
M = 51 V= 16 
M = 15 
494 yr 120/5 30/124 A= 11 130/60 120/60 2.0 1.8:1 
M = 18 V = 10 
M = 6 


“Pressure distal to pulmonary artery band. 


RU = resistance units; A = arterial; V = venous; M = mean. 
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Fig 2. (A) Slight left anterior oblique and (B) lateral 
views of a left ventriculogram demonstrating a normal- 
sized left ventricle (LV), a large infracristal VSD (large 
white arrows), a slightly dilated ascending aorta (AA), 
and a tortuous hypoplastic descending aorta (small 
white arrows). Film coning at this time did not include 
the neck region, so that the anatomy of the right cervi- 
cal arch (note the position of the trachea [T]) was not 
clearly defined. (RV = right ventricle; PT = pulmonary 
trunk.) 


persistence of the third rather than the fourth 
brachial arch [5]. The ipsilateral ductus 
caroticus remains, leading to separate origins of 
the external and internal carotid arteries from 
the cervical arch. The contralateral subclavian 
artery arises from the descending aorta, since 
the dorsal aorta persists as the continuation of 
the seventh intersegmental artery. 

The clinical significance of this anomaly did 
not become apparent until 1947, following liga- 
tion of a cervical arch mistakenly diagnosed as a 
carotid aneurysm [1]. To date, 25 cases have 
been reported, most appearing as either a pul- 
satile mass in the neck or with symptoms of 
upper airway obstruction or dysphagia, or both 
[5]. The four intracardiac defects described in 
association with the cervical arch have included 
tetralogy of Fallot, pulmonary atresia with VSD, 
double-outlet right ventricle without pulmo- 





nary stenosis, and VSD [5]. Only 1 of these pa- 
tients presented in congestive heart failure re- 


lated to the associated intracardiac defect 
(double-outlet right ventricle). In the present 
patient, congestive heart failure was due to the 
combined effects of aortic obstruction and in- 
creased pulmonary blood flow through a large 
infracristal VSD. 

Severe obstruction between the cervical arch 
and the descending aorta has not been de- 


Fig 3. Posteroanterior ascending cineaortogram at 2 V2 
years of age. (A) Early arterial phase, with the nght 
heart catheter traversing the ventricular septal defect to 
reach the ascending aorta (AA). There is a large left 
common carctid artery (LCC), with the aorta continu- 
ing into the right supraclavicular area as the right cer- 
vical arch (CA). The arch gives rise to a right internal 
carotid (RIC) and a right external carotid artery (REC). 
Note the level of the right clavicle (CL). (B) Later phase 
of the aortogram showing the origin of the right subcla- 
vian artery (RSA) and right vertebral artery (RVA) 
from the proximal descending limb of the right cervical 
arch (CA). The tortuous, hypoplastic descending aortic 
segment (arrows) joins the descending thoracic aorta 
(DA) at the level of the sixth thoracic vertebra (T-6). 
(C) Late phase of the aortogram demonstrating retro- 
grade flow in the left vertebral artery (LVA), with fill- 
ing of the lef? subclavian artery (LSA), which joins the 
descending aorta (DA) at the fifth thoracic level, creat- 
ing a left subclavian steal. (D) Diagram summarizing 
the key angiographic findings (abbreviations as in 
A-C). 
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Fig 4. Anteroposterior ascending thoracic aortogram 
performed at age 4 years 9 months, following placement 
of a Gore-Tex graft from the left common carotid artery 
to the descending aorta. (A) Early arterial phase show- 
ing similar anatomy as in Figure 2A, with the right cer- 
vical arch (CA) and the left common carotid artery 
(LCC) arising from the ascending aorta (AA). The pat- 
ent Gore-Tex graft (G) is clearly visualized between the 
left common carotid artery and the descending thoracic 
aorta (DA). (B) Later phase of the aortogram demon- 
strating the cervical arch (CA), the origin of the right 
subclavian artery (RSA) from the proximal descending 
aorta, and prunary filling of the left subclavian artery 


(LSA) from the Gore-Tex graft-descending aorta junction.. 


(C) Late phas? of the arteriogram showing venous return 
from the right internal jugular vein (JV), with 
opacification of the right atrium (RA). Note displacement 
of the jugula vein to the right and the impression on the 
right side of the trachea (arrow) from the right cervical 
arch complex. 
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scribed, although several authors have reported 
small pressure differences [5, 6, 8]. In the 
present case, an extremely tortuous ret- 
roesophageal vessel connected the right cervi- 
cal arch and left descending aorta. There was no 
apparent discrete obstruction in this vessel. The 
peak systolic pressure difference of 60 mm Hg 
resulted from the narrow diameter and long, 
tortuous course. Origin of the left subclavian 
artery distal to the obstruction, with filling 
through the left vertebral artery, produced a left 
subclavian artery steal. 

Cervical aortic arch must be differentiated 
from vascular rings, great vessel aneurysms, 
and other entities in which the presenting 
symptom is pulsatile neck mass, upper airway 
obstruction, or dysphagia [3]. Original and 
follow-up chest roentgenograms in the present 
case (see Fig 1) illustrate several radiographic 
features that may be of help in differentiating 
cervical arch from the other conditions: 


1. Absence of a normal aortic knob. 

2. Localized indentation of the upper tracheal 
air column on the side of the arch. 

3. Superior mediastinal widening. 

4. Soft tissue mass in the supraclavicular area. 

5. Descending aorta contralateral to the 
superior mediastinal mass. 

6. An oblique posterior impression on the 
barium column (representing the retro- 
esophageal aortic segment), with absence of 
an associated anterior tracheal impression. 


The initial banding procedure performed in 
the present patient markedly improved the 
congestive heart failure by decreasing the vol- 
ume of blood from the left-to-right shunt. 
However, a pressure load was created in the 
right ventricle, in addition to that already pres- 
ent in the left ventricle. Relief of the aortic 
obstruction was undertaken when the patient 
was 21⁄2 years of age because of marked sys- 
temic hypertension in the upper body, pulmo- 
nary artery hypertension distal to the band (see 
the Table), and a left subclavian steal. 

The elevated systemic pressure in this patient 
represented an increased afterload on the left 
ventricle with the possibility that irrevers- 


ible subendocardial fibrosis might develop. 
Moreover, with cerebral hypertension, spon- 
taneous cerebrovascular accidents in the first 
decade of life have been observed [9]. The ele- 
vated pulmonary wedge pressure reflected the 
increased left ventricular end-diastolic pressure 
associated with the pressure load on the left 
ventricle. Pulmonary vascular resistance was 
elevated and represented a reactive constriction 
of the vascular bed, with a secondary increase 
in the pulmonary artery pressure distal to the 
band. The subclavian artery steal posed the risk 
of future cerebral insufficiency. 

Surgical intervention in patients with cervical 
aortic arch has been reported for relief of sub- 
clavian steal, vascular ring, or associated intra- 
cardiac defects [5, 10]. Since the intracardiac de- 
fect had been well palliated in infancy in our 
patient, the operation was performed to relieve 
the aortic obstruction. A Gore-Tex graft was 
interposed between the left common carotid ar- 
tery and the descending aorta through a left 
thoracotomy. A direct anastomosis between the 
ascending and descending aorta was not per- 
formed because this would lie directly anterior to 
the pulmonary artery and complicate future re- 
moval of the pulmonary artery band at the time 
of VSD repair. 

Postoperative hemodynamics (see the Table) 
revealed a minimal pressure difference between 
the ascending and descending aorta, with in- 
creased pulse pressure in the distal aortic seg- 
ment consistent with decreased obstruction. 
Decreased left ventricular afterload was man- 
ifested by a fall in distal pulmonary artery and 
pulmonary wedge pressures and by normal 
pulmonary vascular resistance. The normal 
pulmonary vascular resistance with an un- 
changed pulmonary-systemic flow ratio also 
confirmed that the previously elevated resis- 
tance represented passive reactive constriction. 
Angiography revealed patency of the graft from 
the left common carotid to the descending aorta 
with antegrade flow into the left subclavian and 
vertebral arteries (see Fig 4). Hemodynamic and 
angiographic evaluation of the Gore-Tex graft 
will be performed at appropriate intervals to as- 
sess the need for replacement of the graft as the 
patient grows. 
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NOTE 


Evaluation of the Hunter-Sessions 
Self-Retaining Aortic Cannula 


Amarkanth R. Saxena, M.D., Richard M. Engelman, M.D., 


and Sidney Levitsky, M.D. 


ABSTRACT A report of our experience with a new 
self-retaining aortic cannula is presented. We have 
used this cannula in more than 30 patients and found 
it to be very secure and convenient for rapid cannula- 
tion since no pursestring sutures are required for ini- 
tial placement. 


During the past decade, the accepted mode of 
establishing arterial return during cardiopul- 
monary bypass has been cannulation of the as- 
cending aorta [2, 3]. Although the technical 
management of cannulation poses no great dif- 
ficulty, there are problems associated with plac- 
ing a small cannula in a large, pressurized 
channel in which intrinsic flow must be main- 
tained. Secure fixation and retention of the 
cannula are not favored by the necessary ma- 
nipulation, retraction, and clamping of the as- 
cending aorta required during the course of an 
operation. 

Aortic cannulas presently in use depend on 
the placement of a pursestring suture to seal 
and retain the catheter. Additional security is 
gained by suturing the cannula to the skin or 
the retractor. Problems may be encountered 
with suture hole bleeding, mural hematoma, 
aortic tear, and leakage around the catheter [1 ]. 
To overcome these problems, we have been 
using a new self-retaining cannula* with an 
outer diameter of 6.5 mm and an effective inner 
diameter of 4.7 mm. As shown in the Figure, 
the cannula has an outer flange of sponge and 
an inner one of rubber-covered soft plastic, be- 
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tween which the aortic wall is atraumatically 
grasped. 

To insert the cannula, a small stab wound just 
wide enough for the tip of the cannula is made 
in the aorta. Once in the lumen, the cannula is 
positioned with the tip directed distally. 
Partial clamping of the aorta during this ma- 
neuver is unnecessary. The cannula is secured 
in place by pressing the outer sponge flange 
against the aorta and flaring the inner flange, 
which is accomplished by moving the sleeve of 
the cannula downward until it locks in posi- 
tion. These steps take only a few seconds and 
require no clamping or suturing of the aortic 
wall. 

Removal of the cannula is accomplished by 
depressing the lever and sliding the movable 
sleeve to its original position. With the inner 
flange deflated, the cannula is withdrawn. Ap- 
plication of a partially occluding clamp permits 
direct suture of the aortic defect. To avoid un- 
necessary mechanical stress on the aortic wall, 
hypertension should be controlled prior to in- 
sertion or removal of the cannula by the infu- 
sion of nitroprusside. 

We have used this cannula successfully in 30 
consecutive adult patients undergoing aor- 
tocoronary bypass and prosthetic valve re- 
placement. The new cannula achieves speed, 
convenience, and security in accomplishing 
aortic cannulation. The opposed inner and 
outer flanges sandwich the aortic wall between 
them and eliminate the problem of blood leak- 
age. 
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The Hunter-Sessions self-retaining catheter prior to in- 
sertion into the aorta ( A). Pressure on the free end of 
the lever allows the sleeve to lock in its new position 
(B). To remove the catheter, the procedure is reversed, 
deflating the inner flange (C). A partially occluding 
clamp on the aorta permits suturing of the defect. 


CORRESPONDENCE 


Atrioventricular Bundle in 
Corrected Transposition 


To the Editor: 

We read the article by Stewart, Manning, and Siegel, 
"Automated Identification of Cardiac Conduction 
Tissue in L-TGV and Ebstein’s Anomaly” (Ann 
Thorac Surg 23:215, 1977), with great interest. In 
particular, we noted the discussion concerning the 
course of the atrioventricular bundle in corrected 
transposition (situs solitus, atrioventricular discor- 
dance, and ventriculoarterial discordance). These au- 
thors point to a possible discrepancy between their 
findings and the disposition of the conducting bun- 
dle as shown by histological studies |1, 2] and as 
delineated by other electrophysiological studies [5]. 
We wonder whether this discrepancy may be more 
apparent than real and relate specifically to the per- 
spective of diagrams illustrating this disposition. 
Figure 3C of the article suggests that the bundle 
courses through a structure interposed between the 
pulmonary annulus and the superoposterior margin 
of the defect. However, we have not been able to see 
such a well-defined structure in studies of hearts dur- 
ing operation and at postmortem examination. In our 
experience, the pulmonary valve in corrected trans- 
position with situs solitus has been deeply wedged 
between the mitral and tricuspid valves, usually 
being in fibrous continuity with both valves, and has 
tended to override the crest of the muscular septum 
(Fig 1). 

All observers [1, 2, 4—6] have agreed that the bun- 
dle in corrected transposition with situs solitus is 
located on the anterior margin of an accompanying 
ventricular septal defect. The connecting node in this 
form of corrected transposition has been shown by 
histological studies [1, 2] to be located in the anterior 
aspect of the mitral orifice, and the diagrams 
of Stewart and associates and of Maloney [5], 
Kupersmith [4], and Waldo [6] and their colleagues 
are all in agreement with this disposition. The ques- 
tion, therefore, is whether the bundle in passing 
from this anterior site on the mitral annulus to the 
anterior margin of the defect goes in front of the 
pulmonary outflow tract (points X to Y, Fig 1) or 
whether it circumnavigates the pulmonary annulus 
posteriorly, passing through the area of pul- 
monary-mitral-tricuspid continuity (dotted line, 
Fig 1). Our findings in 12 hearts studied histologi- 
cally (Fig 2) and in 19 hearts studied elec- 
trophysiologically during operation suggest that the 
anterior route is the route followed by the atrioven- 
tricular bundle. We have never observed the bundle 
in posterior position in situs solitus hearts. The dia- 
gram of Stewart and co-workers and those of others 
[4, 6] suggest that the route followed is posterior to 
the pulmonary annulus. This discrepancy has impor- 
tant consequences and may have two possible expla- 
nations. 
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The first is that the course of the atrioventricular 
bundle in the hearts studied by Stewart, Manning, 
and Siegel and by others [4, 6] differs from the 31 
hearts we have studied, remembering that in 1 heart 
observed by Waldo and co-workers [6] the disposi- 
tion was comparable with that we found. The second 
explanation is that the course of conducting tissue is 
the same but that the diagrams differ. It is notewor- 
thy that the descriptions are virtually identical. 
Stewart and colleagues wrote: “The bundle of His 
was identified caudal to the pulmonary valve an- 


Fig 1. Photograph of a heart with situs solitus and cor- 
rected transposition. The heart is opened through the 
morphological left ventricle (MLV), which is right- 
sided. The incision extends into the pulmonary outflow 
tract (POT). This shows the underside of a domed and 
stenotic unicuspid pulmonary valve, which has been tn- 
cised in its anterior aspect (PV). Note that at the an- 
nulus of the valve (dotted line) the pulmonary valve 
tissue is in fibrous continuity with both the mitral valve 
(MV) and the tricuspid valve (TV). It overrides the ven- 
tricular septal defect (VSD). The two possible courses 
for the atrioventricular bundle, which runs from the lat- 
eral margin of pulmonary-mitral continuity (point X) to 
the anterior margin of the defect (point Y), are either 
anterior to the pulmonary outflow tract (broken line) or 
else posteriorly across the area of pulmonary-mitral- 
tricuspid continuity (dotted line). 
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Fig 2. Heart with situs solitus and corrected transposi- 
tion. Histological studies and reconstruction showed 
that the atrioventricular bundle passed anterior to the 
pulmonary outflow tract (see Fig 1). Our elec- 
trophysiological studies confirmed this disposition in 19 
patients undergoing operation for corrected transposi- 
Hon. 


nulus and took a superior course over the cephalad 
aspect of the VSD” (p 217). We stated [5]: "In CTGA, 
the bundle crossed the anterior pulmonary outflow 
tract from right to left just caudal to the pulmonary 
valve ring and descended along the anterior rim of 
the ventricular septal defect” (p 393). This considera- 
tion, together with the anatomical findings (see Fig 
1), suggests to us that the second explanation is more 
likely. 

It should also be mentioned that in our experience 
the atrioventricular bundle is not always an anterior 
structure in corrected transposition. When corrected 
transposition is associated with situs inversus, it is 
usual to find a posterior bundle originating from 
the regular atrioventricular node, a finding com- 
mented upon by other observers [3]. Furthermore, 
we have observed a posterior bundle when a com- 
mon atrioventricular valve is associated with cor- 
rected transposition in situs solitus.* These findings 
serve to emphasize the necessity for electro- 
physiological identification of the conducting tis- 
sue at operation, as described by Stewart, Manning, 
and Siegel, ourselves [5], and others [4, 6]. 


Robert H. Anderson, M.D. 
Gordon K. Danielson, M.D. 
James D. Maloney, M.D. 
Anton E. Becker, M.D. 


Brompton Hospital, London, England 
Mayo Clinic, Rochester, MN 55901 
Wilhelmina Gasthuis, Amsterdam, Holland 


*Keeton BR, Maloney JD, Lie JT, et al: Intraoperative identifi- 
cation of specialized conduction tissue in persistent com- 
mon atrioventricular canal and straddling atrioventricular 
valves. Unpublished data. 
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Reply 
To the Editor: 


We agree w:th Dr. Anderson and associates that the 
pulmonary valve annulus in corrected transposition 
generally is in fibrous continuity with the mitral 
valve and cften with the tricuspid valve as well. 
However, the annulus had not significantly overrid- 
den the crest of the muscular ventricular septum in 
the 4 hearts we have observed at operation. 

We were aware of Dr. Anderson's anatomical 
description of the course of the bundle of His in 
corrected transposition before we began our clinical 
experience with this anomaly. We were quite sur- 
prised, therefore, when we found that in our first 
several patients the bundle did not take the course 
that he had outlined. In our most recent 2 patients 
(operated on after the publication of our article), the 
bundle of His was in this anterior position in 1 pa- 
tient and no: in the other. 

Our illustration (Fig 3) is a reasonable representa- 
tion of what we identified at the time of operation. In 
3 patients there was a ridge of muscle positioned 
between the pulmonary valve annulus and the upper 
margin of the defect. This tissue was virtually 
nonexistent in the single patient in whom the con- 
duction tissue was identified anterior to the pulmo- 
nary valve annulus. The heart in this patient was 
similar in appearance to that in Dr. Anderson's Fig- 
ure 1. 

We believe that our somewhat divergent experi- 
ence does ir. part reflect the intrinsic vagaries of the 
anomaly. It :s also true that Dr. Anderson and co- 
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workers have had the opportunity to examine more 
hearts than we have done. 

We would emphasize again the necessity for intra- 
cardiac mapping of the bundle of His at the time of 
complete intracardiac repair of corrected transposi- 
tion. 


Scott Stewart, M.D. 
James Manning, M.D. 
Louis Siegel, M.D. 


University of Rochester 
Medical Center 

601 Elmwood Ave 

Rochester, NY 14642 


PDA Ligation in the Newborn ICU 


To the Editor: 


We wish to congratulate Dr. Sara Oxnard and co- 
workers on their excellent article “Ligation of the Pa- 
tent Ductus Arteriosus in the Newborn Intensive 
Care Unit" (Ann Thorac Surg 23:564, 1977). At our 
institution for the past three years, we have routinely 
ligated the patent ductus in premature infants using 
local anesthesia. During this period, ail our patent 
ductus ligations on these patients have been per- 
formed in the neonatal intensive care unit. Our ini- 
tial experience with this technique was published in 
abstract form [1] and was read as a paper at the 48th 
Annual Meeting of the American Heart Association 
in November, 1975. 

We agree that patent ductus ligation is an excellent 
means for acute relief of congestive heart failure in 
these infants. We also agree that transport of these 
infants to the cardiac operating suite is unnecessary 
and in some instances may be contraindicated. 

We have some reservations, however, whether pa- 
tent ductus ligation actually improves long-term mor- 
tality and morbidity in the very immature infant. We 
are at present reviewing our experience, which now 
includes 29 patent ductus arteriosus ligations, to at- 
tempt to answer this very important question. 


Rufus B. Jennings, Jr., M.D. 

Bruce |. Innes, M.D. 

Frederick H. Wirth, M.D. 

Quincy A. Ayscue, M.D, 

Departments of Pediatrics, 
Surgery, and Anesthesiology, 

Children's Hospital of the King's 
Daughters and Medical Center 
Hospitals 

Eastern Virginia Medical School 

Norfolk, VA 
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Reply 

To the Editor: 

We appreciate the comments and data from Dr. Jen- 
nings and his colleagues in support of our paper. We 
apologize for not including a reference to their experi- 
ence with this technique. 

In the interval since our data were analyzed, we 
have performed this procedure on additional prema- 
ture infants to a total of 62. To date there have been no 
infections and no deaths related to the surgical proce- 
dure. As Dr. Jennings implies, no controlled study has 
vet been done to prove that this procedure signiti- 
cantly changes the long-term morbidity or mortality 
for these extremely high risk infants. We strongly be- 
lieve, however, that ligation of the ductus may be 
lifesaving in the short term for the occasional very 
immature infant who is deteriorating with a large flow 
through a perhaps silent patent ductus i11. 

Sara C. Oxnard, M.D. 
Edwin C. McGough, M.D. 
August L. Jung, M.D. 
Herbert D. Ruttenberg, M.D. 


University of Utah College of Medicine 
Salt Lake City, UT 84132 
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Tree-shaped Pulmonary Veins in TAPVD 
To the Editor: 


We read with interest the article ““Tree-shaped Pul- 
monary Veins in Infracardiac Total Anomalous Pul- 
monary Venous Drainage" by Yasunaru Kawashima 
and associates in the May, 1977, issue of The Annals of 
Thoracic Surgery. We wish to confirm the importance, 
as emphasized by the authors, of this anatomical con- 
figuration. In our experience this "treelike shape" in 
infradiaphragmatic total anomalous pulmonary ve- 
nous drainage (TAPVD) is more common than any 
other formation. We have observed it in 10 of our 
series of 13 infants with infradiaphragmatic TAPVD. 
Angiocardiograms showing this configuration have 
been published by Tynan and associates [3] and 
Henschel and colleagues [2]. 

We believe that the treelike configuration has impor- 
tant implications for surgical treatment. In the absence 
of the transverse common vein, the incision is best 
carried vertically from the origin of the left upper pul- 
monary vein to the descending common vein. If the 
lower pole of this incision is too far from the left 
atrium, anastomosis is facilitated by division of the 
descending vein above the diaphragm [1]. Since we 
started using these technical changes in 1972, our re- 


98 The Annals of Thoracic Surgery Vol 26 No 1 July 1978 


sults with correction of infradiaphragmatic TAPVD 
have improved. Out of 13 infants operated upon ata 
mean age of 10 days, 8 (61%) survived the operation 
and were discharged from the hospital. 


Jaroslav Stark, M.D. 

Marc R. de Leval, M.D. 

The Hospital for Sick Children 
Great Ormond Street 

London, England WCIN 3]H 
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Book for Lung Cancer Patients 


To the Editor: 

Living wi*n Lung Cancer—A Reference Book for People 
with Lung Cancer and Their Families by Barbara G. 
Cox, B.5., David T. Carr, M.D., and Robert E. Lee, 
M.D., was produced under contract with the Divi- 
sion of Cancer Control and Rehabilitation of the Na- 
tional Cancer Institute. Almost five thousand copies 
have been distributed to cancer centers and to physi- 
cians who requested them for use in the care of pa- 
tients with lung cancer. We regret that we were un- 
able to supply all the copies requested. The book was 
reprinted. and additional copies are now available. 
For further information about obtaining copies, 
write: Mayo Comprehensive Cancer Center, Roches- 
ter, MN 55901. 


David T. Carr, M.D. 


Comprehensive Cancer Center 
Mayo Clinic 
Rochester, MN 55901 
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September 


CONTINUING EDUCATION 


Meetings in North America, July-December, 1978 


Basic Mechanisms and Risk Factors in Atherosclerotic Vascular Disease, sponsored 
by the AHA Council on Clinical Cardiology, Hilton Head Island, SC, August 
Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


University of Colorado Third Annual Symposium on Vascular Surgery, Denver, CO, 
Sept 25-27 

Contact: Office of Postgraduate Medical Education, University of Colorado School of 
Medicine, 4200 E 9th Ave, Denver, CO 80262 


Cardiopulmonary Radiology: Update 78, Seminar, Dallas, Texas, Oct 13-15 
Contact: Mary J. Ryals, Administrative Coordinator, Department of Radiology, 
Southwestern Medical School, 5323 Harry Hines Blvd, Dallas, TX 75235 


64th Annual American College of Surgeons Clinical Congress, 5an Francisco, CA, Oct 
16-20 

Contact: Heinz R. Kuehn, Director of Communications, 55 East Erie 5t, Chicago, IL 
60611 


Cardiology Update 1978 for the Practicing Physician, sponsored by the AHA Council on 
Clinical Cardiology, White Sulphur Springs, WV, Oct 25-27 

Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


Coronary Átheroscierosis—A Review of Nutritional Factors in Prevention and 
Management, sponsored by the AHA Nutrition Committee, Fort Lauderdale, FL, Oct 
26—28 

Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


New Developments and Changing Concepts in Cancer Chemotherapy, 3rd 
Chemotherapy Foundation Symposium, New York, NY, Oct 27-28 

Contact: Ezra M. Greenspan, M.D., Chairman, Page and William Black Post-Graduate 
School, Mount Sinai School of Medicine, 1 Gustave L. Levy Place, New York, NY 10029 


American College of Chest Physicians, Washington, DC, Oct 28-Nov 2 
Contact: A. Soffer, M.D., 911 Busse Highway, Park Ridge, IL 60068 


American Association of Blood Banks, New Orleans, LA, Nov 5-11 
Contact: B. F. Peake, 1828 L St NW, Washington, DC 20036 


American Heart Association's 51st Scientific Sessions, Dallas, TX, Nov 13-16 
Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


Meetings Outside North America, July-December, 1978 


European- American Symposium on Venous Diseases, Zurich, Switzerland, Sept 4-8 
Contact: Ms. V. Delaney, American Express Company, 65 Broadway, New York, NY 10006 


23rd World Conference of the International Union Against Tuberculosis, Brussels, 
Belgium, Sept 5-8 

Contact: Secretariat of the 23rd World Conference of the IUAT, rue de la Concorde, 56, 
B-1050 Brussels, Belgium 


International Conzress of Prevention of Heart Disease and Cardiac Rehabilitation, 
Bombay, India, Sept 10-12 
Contact: Dr. C. V. Shah, India House No. 2, Kemp's Corner, Bombay 400 036, India 
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8th World Congress of Cardiology, Tokyo, Japan, Sept 17-23 
Contact: Dr. H. Sasamoto, 7-3-23 Roppongi. Minato-ku, Tokyo 106, Japan 





November Fourth Congress of the Association of Thoracic and Cardiovascular Surgeons of Asia, 
Baghdad, Iraq, Nov 7-9 
Contact: Prof. Yousif D. Al-Naaman, M.D., Chairman of Congress, Department of 
Thoracic and Cardiovascular Surgery, Medical City Hospital, Baghdad, Iraq 
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Sir Isaac Newton’s gift was the rare ability 
to question, to envision, and to apply. .. 


That same special ability has brought Intermedics 
to the forefront of pacemaker technology. 





troducing the CyberL ith. 


landmark innovation 


om [ntermedics. 





Isaac Newton’s introduction of the concept of 

vity immensely enriched man's understanding— 
lcontrol—of his world. Similarly, the CyberL ith 

se generator gives you, the physician, unprece- 

ated control of pacemaker therapy for the individual 
ient. With the CyberLith, pacemaker functions can 
adjusted precisely and titrated to an exact prescrip- 

n for each patient. 


he CyberLith offers: 

e 15 pacing rates 

e 15 pulse widths 

© 7 sensitivity levels 

© 3 operating modes plus 
lvanced telemetric circuitry 
r detailed, non-invasive 
“formance monitoring. 


ximum responsiveness to varying 

ient needs with fifteen pacing rates. 

: OyberL ith pulse generator can be programmed to 
cing rate appropriate to virtually any pacemaker pa- 
t case. Your patients are individuals with individual 
e rate requirements that can and do change with 

>. The OyberLith pacemaker’s fifteen rates, from 30 
20 bpm, offer you maximum versatility in meeting 
vidual patient needs. 
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hoice of pulse widths from 0.15 to 2.29 msec assures 


effective pacing for each patient. Variations in optimal 

pulse width may occur asa result of the change from 

acute to chronic stimulation threshold levels. Other var- 

iations may be due to myocardial fibrosis, drug therapy 

regimens, or electrode type and position. With the 

OyberL ith, battery longevity can be maximized ) : 
through selection of the shortest pulse width needed 

to ensure adequate capture. 
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The OyberLith makes possible precise sensitivity ad- 
justments in response to different clinical situations. For 
example, if T-waves or other artifacts are being sensed to 
the detrimen: of proper system functioning, the Cyber- 
Lith pacemaker's sensitivity can be reduced to a more 
desirable level. Conversely, inadequate or inconsistent 
sensing of the ORS complex may be corrected by 
increasing the programmed sensitivity. 


Unique versatility: three p es. 
The CyberLith may be programmed to the mode best 
suited to your patient's condition and environment. You 
may choose among three pacing modes: 

— R-wave inhibited (demand) 

—asynchronous (fixed-rate) 

—R-wave synchronous (demand) 
Thus the CyberLith may be reprogrammed in response 
to indications for a different pacing mode, without the 
need for surgical intervention. 


hree pacing mode: 
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The OyberL ith pacemaker's exclusive telemetry feature 
permits you tc ascertain the precise status of the implanted 








CyberLith 


Multi-Programmable 
C-MOS Model 253-01 | 





lntermedics lnc. 
FREEPORT, TEXAS 





system to a degree never before possible. 

— battery voltage 

— battery impedance 

—electrode lead impedance 

—exact timing of sensing and pacing events 
can all be determined simply, for detailed evaluation 
of pacer operations. In addition, CyberLith telemetry 
makes possible more accurate estimation of the remain- 
ing service life of the unit. 


Big features in a small package, 

through microminiaturized circuitry. 

The CyberLith packs a multiplicity of programming 
features into a remarkably small pulse generator. One 
reason this can be achieved is the use of a custom com- 
plementary metal-oxide-semi-conductor (c-mos) inte- 
grated circuit. This “chip” has been specially developed 
by Intermedics for use in the CyberLith and represents 
state-of-the-art semiconductor technology. The c-mos 
circuitry reduces the total number of components and 
simplifies the design of the CyberLith. The result is an 
unprecedented range of programmable pacing parame- 
ters with remarkably low power consumption. . 


Fail-safe programming at your fingertips. 
Advanced design concepts have been incorporated 
into the programming system to ensure safe, trouble-free 
operation. 
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circuit magnified approx- 
imately 11 times. 
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Actual size of c-mos “chip” as it is 
employed in the CyberLith. 











—The programmer is portable and uses rechargeable 
batteries to prevent unwanted electrical noise and 
other complications common to line-powered 
instruments. 

——Programmable features may be altered individually 
or simultaneously. | 

—Accidental reprogramming is virtually impossible, 
thanks to the precise state-of-the-art crystal 
oscillator technology in combination with pulse- 
position-modulated, binary coded data security. 

—A unique feature permits immediate reprogram- 
ming to original nominal pacer parameters by de- 
pressing a single button on the programmer panel. 

These characteristics make the CyberLith programming 
system easy to use, and provide an added margin of 
safety for you and your patient. 


The CyberLith—it’s making history. Now. 
Your Intermedics representative can provide you with 
additional information on the many other advantages of 
CyberLith therapeutic pacing, such as amazingly 
compact size, redundant oscillator circuitry and positive 
confirmation of reprogramming. 

At Intermedics, we are producing tomorrow’s technol- 


ogy today, because OUR BUSINESS IS LIFE. 
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‘ree limited-edition print offer from 
ntermedics, Inc. 


"he Newton watercolor, by artist Ron Adair, is first in a series . 


ommussioned by Intermedics. The original work hangs in 
ntermedics’ corporate headquarters. A limited-edition print, 
iumbered and signed by the artist and suitable for framing, is 
eing made available by Intermedics to physicians only. Please 
vrite to Marketing Administration, Intermedics, Inc., PO. 
30x 617, Freeport, Texas 77541. 


Note: The CyberLith is currently undergoing clinical evalua- 
ion and is not routinely available on a commercial basis. 


)Copyright Intermedics, Inc. 
yberLith is a trademark of Intermedics, Inc., Freeport, Texas. 


Intermedics lnc. 


PO. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 


Qur business is life. 











Intermedics Pulse Generators 
INDICATIONS FOR USE Implantable cardiac pulse generators 


may be indicate for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial capacity 
of the battery and the shelf storage time of the manufactured pacemaker; 
variations in electrode system resistances, stimulation rate, and the per- 
centage of time the implanted pacemaker is inhibited; and random elec- 
tronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, diathermy should not 
be used on pacemaker patients because of possible total inhibition of the 
pulse generator: electrocautery can inhibit and/or damage the pacemaker 
as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause in- 
creased cardiac muscle damage from defibrillation. Microwave ovens that 
do not exceed federal guidelines for leakage (0.5 mW/cm? at 2.5 cm from 
the appliance) will not affect the pacemaker, but leakage in excess of that 
amount may cause interference. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 

For complete precautions, see the Physician's Manual for the Inter- 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue 
reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 








Preparation of Manuscript 


Illustrations 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place author S 
name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
“how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 112" margins all around contains about 250 
words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 25 
typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, highest 
degree, institutional affiliations (limit to two), and location. If the paper has been presented at a 
scientific meeting, provide a footnote giving name of meeting, date, and location. Provide address 
for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper’s organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights and 
measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use Index Medicus style, giving complete publication data. Examples: 


Journal article: Grondin CM, Meere C, Castonguay YR, et al: Blood flow through aorta-to- 
coronary bypass grafts and early postoperative patency: a study of 100 patients. 
Ann Thorac Surg 12:574, 1971 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Nardi GL: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1971, p 249 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to the 
illustrations. Provide one legend for each illustration or grouped illustrations and number in se- 
quence. 


The Annals can consider only a limited number of illustrations per paper without special arrangement. 
Submit original artwork or unmounted original glossy prints (individual parts separate) in black and 
white. (Color may be used only by special arrangement and is subject to extra charges.) A line 
drawing that contains no shading or wash can be reproduced well from a glossy photograph. A line 
drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author’s last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All 
illustrations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Reprints 
ordered after the press run has been completed will be provided at increased cost. 


For Correct Diagnosis 
and Effective Treatment 


nt Chest Trauma 


General Principles of Management 


By Marvin M. Kirsh, M.D., 
and Herbert Sloan, M. D. 


The University of Michigan Medical School, Ann Arbor 





This new book is a unique resource for studying techniques of careful diagnosis 

and management of the often elusive injuries that may result from nonpenetrating 

injuries to the chest. All thoracic surgeons will want to own a copy of this book as 
well as recommend it to emergency-room personnel and others seeking advice on 
this complex topic. 


The table of contents reprinted opposite shows the organization of the book, 
which proceeds from the general to the particular, beginning with principles that 
should be integrated in the phvsician’s mind when he first sees a patient with a 
blunt chest injury on an emergency basis, and ending with a discussion of the 
complicated physiology of acute respiratory failure and its relevance to emergency 
care and to surgical diagnosis and management. 


The text is highlighted throughout with more than 80 photographs and 
roentgenograms along with many explicit line drawings that illustrate specific 
injuries and serve as ; diagnostic guides. Thorough coverage of a multitude of 
possible complications, clues to diagnosis, and suggestions for correct reading of 
roentgenograms make this book extremely practical and valuable. 


To order your copy, simply fill in and mail the coupon below. 


Sample illustrations (reduced size) from Kirsh and Sloan's 
BLUNT CHEST TRAUMA. Actual size 4 V2"x 5 ". 


SUE 


1-4. EPP 


Ficure 8-11. Repair of a ruptured aorta using a left ventriculoaortic shunt Ficure 7-2. (A) Percardicentesis for pericardial tamponade. (B) Inadvertent 
Inset shows dilatation of opening in ventricle before insertion of shunt, Suture intracardiac aspiration with electrocardiographic changes as shown 
in left ventricle is #2—O cardiovascular suture buttressed by felt pledgets 
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Contents 


1. General Principles 


2. Management of Pulmonary Contusion and Related 
Injuries 


3. Traumatic Pneumothorax and Hemothorax 
4. Injuries of the Chest Wall 


5. Tracheobronchial Disruption and Injuries of the 
Esophagus 
6. Traumatic Rupture of the Diaphragm 


7. Closed Injuries of the Heart and Pericardium 

8. Traumatic Rupture of the Aorta 

9. Acute Respiratory Failure 

Appendix: Key to Respiratory Physiology Abbreviations 
Index 


247 pages, illustrated. #495018, $16.50 








Little, Brown and Company 


Medical Division 

Publishers of The Annals of Thoracic Surgery 
34 Beacon Street 

Boston, Massachusetts 02106 


Please send me. . .. copies of Kirsh and Sloan’s BLUNT CHEST 
TRAUMA (#495018-91H1) @ $16.50 each. 


Publisher pays postage and handling if check accompanies order. 





C) Bill me. C Check enclosed. 

Name 

Address 

CH auod Lern cdi | n rr Me 


(In Canada, order directly from J. B. Lippincott of Canada, Ltd., 
75 Horner Avenue, Toronto, Ontario M8Z 4X7, Canada.) 


Ficure 8-14. Bypass shunt of small caliber in place from ascending aorta to 
common carotid artery. Technique of insertion is the same as for distal aortic 
transection. Right side demonstrates median sternotomy approach with possi- 
ble extension of the incision into the right side of neck if needed 
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Your Heart Association 


can help 
you 


help your 
patients 


Contributed by the Publisher 


Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 
pamphlets advising on risk factors related to heart attack. 


Booklets on therapeutic sodium-restricted or cholesterol-lower- 
ing diets are also available on a physician’s prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart 
Association 


7320 GREENVILLE AVENUE, DALLAS, TEXAS 75231 
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New SURGILENE 
polypropylene monofilament suture. 


SURGILENE is so smooth and pliable, it glides through 
all kinds of tissue. This new polypropylene suture also ties easily 
and handles well. The result: fast, smooth procedures. 

SURGILENE is inert, so scarring is minimal, compli- 
cations few. And it’s strong...with a flex life that’s unexcelled 
by any other synthetic monofilament. 

For your convenience, SURGILENE is available in our 
unique, time-saving DIRECT DISPENSING packages. 





DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y 40965 





See next page for complete product information. 





DAVIS+GECK 


New SURGILENE 


polypropylene monofilament suture 
comes in unique, time-saving 


DIRECT DISPENSING 





Tear inner pack 


packages. 


diagonally to expose suture. 


JIRGILENE® polypropylene monofilament suture 


mplete Product Information 


SCRIPTION 

3GILENE polypropylene Suture, (clear or pigment- 
is a sterile, isotactic crystalline stereoisomer of a 
ar hydrocarbon polymer having essentially no un- 
iration. The pigmented suture contains Copper 
halocyanine Blue. 


TIONS 

:GILENE causes a minimal, transient, acute in- 
?matory reaction. This is followed by the formation 
1 microscopic layer of fibrous tissue around the 
ire, The suture is not absorbed nor is it subject to 
iradation or weakening by the action of tissue en- 
es. 


"C ATIONS 
«GILENE may be used wherever Nonabsorbable 


Surgical Suture, USP is recommended. 


Because of its lack of adherence tc tissue, 
SURGILENE is efficacious as a pull-out suture 


CONTRAINDICATIONS 
There are no known contraindications. 


WARNINGS 

Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have not been per- 
formed. 


PRECAUTIONS 

As with other synthetic sutures, knot secunty requires 
the standard surgical technic of flat and square ties, 
with additional throws if indicated by surgical cir- 
cumstance and the experience of the operator. 


DG 


DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y 10965 





Then, pull suture out. 


There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 

The most common adverse reaction noted during the 
clinical investigations with SURGILENE Suture was 
redness at the suture site, reported in up to 15% in 
some study populations. Edema and/or infection at 
the suture site has been noted in up to 8% in some 
study groups. Infrequent adverse reactions reported 
include suture extrusion and dehiscence (2 cases 
reported). 


HOW SUPPLIED 
Available in USP sizes, non-needied or affixed to the 
various DAVIS + GECK ATRAUMATIC" needles 10/0 
thru 2 for pigmented sutures; 7/O thru 2 for clear, 
in one dozen and three dozen packages. 
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PROTECT 
YOURSELF! 


An Essential New Book 
for All Physicians 


The malpractice claim is a major threat to you, the 
physician. Now you have help. Little, Brown's new book 
MALPRACTICE: A TRIAL LAWYER'S ADVICE FOR 
PHYSICIANS provides specific methods for reducing your 
chances of incurring a malpractice claim and, if a claim is 
made, for increasing your chances of successfully 
defending against it. 





Written by a trial attorney who has specialized for many 
years in medical malpractice suits, the book is fascinating, 
comprehensive, and informative reading. The table of 
contents (reprinted below) indicates Mr. Alton's detailed 
advice: from how to minimize the chance of lawsuit by 
personalizing your treatment and keeping accurate records 
to an explanation of pretrial, trial, and posttrial activity, 
including settlements and appeals. Throughout the book, 
Mr. Alton presents practical examples and excerpts from 
courtroom testimony to teach the law, its implications, and 
the precautions you can take in each setting of medical 
care from treatment in your office to hospital and 
emergency situations. 


Thorough, frank, and highly readable, MALPRACTICE 
provides essential information for any physician who is 
concerned about the threat of a lawsuit. Protect yourself. 
Read MALPRACTICE: A TRIAL LAWYER' S ADVICE 
FOR PHYSICIANS. 

230 pages. #035009, $9.95 


Contents: 
1. What is Medical Malpractice? 
2. The Doctor-Patient Relationship 
3. Defensive Practicing 
4. Informed Consent 


5. Suit-Producing Activity and 
Special Situations 


6. Minimizing the Chance of a Suit 
7. Prelawsuit and Pretrial Activity 


8. The Lawsuit before Trial 
9. Settlement 

10. The Trial 

11. Appeals 

12. Conclusion 


Glossary 
Index 

































ORDER TODAY Clip and mail to: 


Little, Brown and Company 
Medical Division 

200 West Street, Waltham, MA 02143 

Please send me___copies of Altons MALPRACTICE: 

A TRIAL LAWYER'S ADVICE FOR PHYSICIANS 
(#035009-88D 1) @ $9.95 on 30-day approval. 














C Bill me. C] Check enclosed. 

Saba (Please print) E 
Street 

City = 
State/Zip 





In U.S. publisher pays postage and handling charge if check 
accompanies order. In Canada, order directly from J. B. 

Lippincott of Canada, Ltd., 75 Homer Avenue, Toronto, * 
Ontario, Canada M824X7 * 
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CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 


able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiothoracic and vascular surgeon, 37, university 
trained, ABS certified, ABTS eligible, completing fellow- 
shíp at Texas Heart Institute, Houston, seeks group asso- 
ciation or partnership in South or Southwest, preferably 
Arizona, New Mexico, or Texas. 


Please respond to W-76, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


UPON OMNE AMORE A eas ee E 
Cardiothoracic surgeon, university trained, ABS and ABTS 
certified, wishes to relocate. Additional training in pediat- 
ric cardiac surgery (Boston Children's Hospital), 2 years as 
active member of affiliated training program in thoracic and 
cardiovascular surgery, experienced in noninvasive periph- 
eral vascular studies. No geographic preference. Available 
August 1978. 


Please respond to W-110, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, Board certified, 
university trained, seeks academic position or association 
in group practice. Broad experience in adult cardiac, 
thoracic, and vascular surgery in academic setting. Research 
and teaching opportunity preferred. 


Please respond to W-111, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, ABS certified, univer- 
sity trained, just completing year of cardiovascular surgery 
fellowship, seeks position in hospital or cardiovascular sur- 
gery group leading to partnership. No geographic prefer- 
ence. Available July 1978. 


Please respond to W-112, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 32, ABS certified, ABTS eligible, 
completed training at large university center in December 
1977. Well trained in all aspects of adult and pediatric car- 
diac and thoracic surgery. Available immediately, no geo- 
graphic preference. 


Please respond to Salem M. Habal, M.D., Department of 
Surgery, PH 12-126, Columbia-Presbyterian Medical Cen- 
ter, 662 W 268th St, New York, NY 10032; tel: (212) 694- 
2633. 


Thoracic and cardiovascular surgeon, 44, wishes to relocate 
in group or hospital practice. Excellent training, 10 years 
experience. ABS and ABTS certified, FACS, FLEX in Texas, 
Spanish, English speaking. Broad experience in cardiac and 
thoracic surgery, pacemakers, fiberoptic, peripheral vascu- 
lar, and angio access. Available immediately. 


Please respond to W-114, The Annals of Thoracic Surgery, 
C-7173 Unisersity Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 33, university trained 
with broad experience in thoracic and cardiac surgery. 
Available July 1978. 


Please respand to W-115, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 35, ABS and ABTS certified, seeks 
group association or academic position on East coast. Pres- 
ently on medical school faculty. 


Please respond to W-116, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





ABS-certified thoracic and cardiovascular surgery resident 
finishing training at University of California, Irvine, seeks 
association/partnership with active cardiothoracic group or 
academic appointment. Available July 1978. 


Please respoad to W-117, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 35, ABS and ABTS 
certified, wishes to relocate. University trained in adult and 
pediatric fields, one year in private practice. Available July 
1978. 


Please respond to W-118, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon seeks practice oppor- 
tunity. Extensive training and practical experience from 
cardiovascuiar research and surgical fellowships at univer- 
sity centers. Experience in congenital and adult cardiac sur- 
gery and thcracic and peripheral vascular surgery. Presently 
available. 


Please respond to W-119, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


v—n 


Cardiothoracic and vascular surgeon, 33, ABS certified, 
ABTS candidate, university trained, desires position in 
western United States. Flexible in type of practice. 





Please respcad to W-120, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, Mi 48109. 





Cardiothoracic and vascular surgeon, 32, ABS certified, 
completing training Dec 1978. Well trained in all facets of 
adult and pediatric cardiothoracic surgery. Position desired 
on eastern seaboard. 


Please respond to W-121, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 

















SITUATIONS AVAILABLE 








mito 


Department of Surgery, UCLA School of Medicine seeks 
qualified thoracic and cardiac surgeon to head division at 
new affiliated teaching hospital under construction. 


 Board-certified surgeons with strong — acadeiti: interest 
should send curriculum vitae and names anc. addresses of 
three references to George J. Wittenstein, M.E., Olive View 
Medical Center, 7515 Van Nuys Blvd, Suite 302, South 
Tower, Van Nuys, CA 91405. An equal SERES 
affirmative action employer. 










Residen pe d iatric cardiac surgery available July 1, 
—. 3978, at pediatric teaching hospital. Two yeu of cardiac 


^ . surgical residency required. 


Send curriculum vitae and two references to R. Ke ‘Balsara, 
M.D., St. Christopher's Hospital for Children, 2600 N 
Lawrence, Philadelphia. PA 19133; 2e ee. 







Position available for assistant or aida pr essor of 
cardiothoracic surgery. Candidate must hav utstanding 
clinical skills, high degree of scholarship and teaching abil- 
ity, and competence in laboratory and clinica) investigative 
research. Submit curriculum vitae and s EEN: Equal 
opportunity employer. 





Please respond to A-65, The Annals of Thoracic. Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and vascular surgeon, Board eligible or certified, 
wanted by group-affiliated thoracic surgeon in lowa, Prac- 
tice limited to general thoracic and major atterial vascular 


surgery. 


Please contact Ms. Merry Wetlaufer, 927 W 4th St, Water- 
loo, IA | 50702. 
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change of pace... 


-rom CPI. 

he versatile 

ew MICROLITH-P for 
orecision programming 
f both pulse rate 

Ind width at the 

ouch of a button. 


eople change. And because a pacemaker must become 

1 integral part of a human being, CPl» designed the new 
IICROLITHa-P. the only non-invasive programming system 
iat makes precise adjustment of both pulse rate and width 
simple pushbutton operation. With the quartz-crystal- 
ontrolled MICROLITH-P, you can adjust rate from 30 to 119 
om in single pulse increments... width from 0.1 to 1.9 

IS In 0.1 ms increments (.05 ms can also be programmed). 
s all done with a compact, digital programmer that's 

asier to use than a pocket calculator. It takes less than 2.5 
:conds. And a simple EKG reading lets you know 
?mediately that the programs been accepted. Fast, flexible, 
zcurate pace-changing at your office or the hospital. 


ven the shape of the MICROLITH-P is new. Semi-elliptical. 
ith more rounded surface on the external side to look 

1d feel more natural...to reduce risk of pocket complica- 
yns. With more flat surface on the internal side to minimize 
igration and tissue erosion. Small. Thin. Lightweight. 
shape thats a natural to simplify implantation and assure 
tient comfort. 


nd theres more è Superior moisture resistance thanks to 
special new parylene coating used only by CPI for encapsulat- 
g internal circuitry e Time-tested lithium power source and 

'brid C-MOS circuitry e Predictable 2-step elective replacement 
ne(ERT) indicator e Excellent electromagnetic interference 
:MI) rejection e Runaway protection e Multiple hermetic 

aling € X-Ray identification e Demand mode with choice of 
\ipolar and bipolar configurations e Compatibility with most 
ymmonly used leads e A limited warranty for up to 6 years* 


ICROLITH-P...another advanced CPI pacing system 

icked by 5 years of successful experience with lithium pulse 
inerators that continue to set industry standards for reliability. 
nd out more today by writing or calling CPI toll free, 
)0-328-9588. 


/arranty statement available upon request 





Cardiac Pacemakers, Inc 
cpi, 4100 North Hamline Avenue 

P.O. Box 43079 
hana ® St Paul, Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 


© 1978 Cardiac Pacemakers. Inc 





On October 11, 1977, 2%-hour-old 
Lesley Jane Nelson became the 
youngest person ever to receive a 
pacemaker implant. The pacer ts 
the new CPI MICROLITH-P — one of 
the smallest. most versatile pulse 
generators available. Because the 
rate of the MICROLITH-P can be 
programmed non-invasively from 
119 ppm to successively slower 
rates in single-pulse increments 
Lesley's heart rate can closely dupli- 
cate the rate changes of a normal 
child during her early growing 
years. Lesley is shown here with her 
parents 3 months after implant 








where compromise 
IS out of the question 


When patient safety is of prime concern, 
as it is at Bentley Laboratories, there 

is no room for compromise. That’s why, 
at Bentley, we take pride in the total 
production of Bentley tubing. Every 
step, from extrusion through final 
sterilization is completed at our facilities 
in Irvine, California. 

The highest levels of quality control, 
independent laboratory testing; strict 
adherence to manufacturing techniques, 
extreme care in product preparation 
and packaging-all characterize our 
efforts to provide the finest tubing 
available for use during extracorporeal 
circulation. 

Currently, over 80% of Bentley 
“Implant "gl Tested” tubing is used in 
Custom Tube Pacs. These convenient 
packages, preassembled to customer 
specifications also contain component 
parts such as Bypass Blood Filters, Gas 
Filters and Connectors. By combining 
the desired components with required 
tubing lengths, a complete perfusion 
system is formed, sterile-packed in a 
disposable tray- ready for instant use. 

Bentley Custom Tube Pacs reduce 
inventory requirements, eliminate 





materials waste, simplify patient billing 
and provide excellent operating room 
technique. They can be assembled in any 
combination to meet your individual needs. 
Send for your Bentley “Implant | | Ki 
Tested" Tubing brochure which describes 
in detail the most complete selection of 
disposable blood circuit components 
available. In addition, it tells how to 
specify your own Custom Tube Pac. 
If you have an immediate tubing require- 
ment, contact your Bentley representative. 


*U.S.P. Class VI Plastics Report available on request. 
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BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue pee. 
Irvine, California 92705; ~ ^ 
(714) 546-8020 | ww) 


Custom lube Pacs 





ANTISEPTIC 
SECURITY 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (inthe rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming ...active inthe presence 
of blood, pus and serum...help 
maintain postoperative antisepsis when 
applied to incisions. 


Purdue Frederick 


© COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7982 165175 


BETADINE 
Microbicides 


Foremost documented m 
broad-spectrum em 
topical microbicides 
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This is the Bentley Spiraflo BOS-10 
Disposable Oxygenator..a signifi- 
cant breakthrough in oxygenating 
system technology. A unique design 
which combines exceptional per- 
formance, simplicity, safety and 
convenience. 


UNIDIRECTIONAL FLOW The 
Spiraflo BOS-10 is the first true 
"unidirectional flow" bubble oxy- 
genator where the blood and gas 
flow is one direction only -from top 
to bottom - completely eliminating 
all vertica! resistance to the venous 
return. 


EFFICIENT HEAT EXCHANGE The 
venous side heat exchanger con- 
sists of a continuous, single coil of 
convoluted tubular metal, circularly 
wrapped between inner and outer 
plastic housings, with water flow 
running counter-current to blood 
flow for optimum heat exchange. 


LOWEST DYNAMIC PRIMING 
VOLUME The system's unidirec- 
tional flow, heat exchanger con- 


combine to provide the lowest 
dynamic priming volume available. 
The BOS-10 also allows for a shorter 
venous and cardiotomy return line. 


LARGE ARTERIAL RESERVOIR 
The Spiraflo BOS-10 Oxygenator 
will function with up to 3 liters of 
blood in the reservoir. This injection- 
molded housing of clear polycar- 
bonate is totally seamless. 


In addition to these patient-oriented 
benefits, the Spiraflo BOS-10 con- 
tains a separate initial blood/gas 
mixing chamber. This chamber 
provides a uniform mixture of 
blood and gas bubbles to the gentle 
mixing heat exchanger section. 
This minimizes blood trauma and 
provides adequate oxygenation 
with a gas to blood flow ratio of 
approximately 3/4:1 at normal 
venous blood oxygen saturations. 


Take a closer look at the BOS-10... 
ask your Bentley representative to 
show you a BOS-10 and its many 
other features that add up to the 





figuration and reservoir design ideal ] [ oxygenating system. 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue : Irvine, California 92714 
Phone: (714) 546-8020 - Telex 685503 


BENTLEY LABORATORIES, EUROPE 
Postbus 169 - Energielaan 3 - Uden, Holland 
Phone: 04132-66995 : Telex 50117 NL 





Take a Close Look 
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CLINIFLOW ® provides the most 
advanced clinical blood flow 
measurement system available. With the 
maximum in patient safety and operating 
simplicity. 

A) CME also offers the industry’s widest 


variety of pre-calibrated acute, chronic 


BI si FI t and extracorporeal probes to fit almost 
Og OW ime er any application. Write or call for full 
information. 
CME... first in flowmetry. 


CAROLINA MEDICAL 
” ELECTRONICS, INC. 


P.O. BOX 307, KING, NORTH CAROLINA 27021 USA 
TELEPHONE (919) 983-5132 
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GARDIO-PROBE 


CONDUCTION CARDIOGRAPH/BUNDLE OF 
HIS DETECTOR/ automated-audible 
localization of cardiac conduction tissue/ 
myocardial ischemia/infarction and facilitated 
recording of HIS Bundle Electrograms 


For the 

cardiovascular surgeon 

concerned with... 

e congenital cardiac repair 

e infarctectomy/ 
aneurysmectomy 

e revascularization 

e valve replacement 

e electrosurgery 


For the cardiologist 
concerned with . . . 

e HIS Bundle electrograms 
e arrhythmia studies 

e pacemaker selection 


For theinvestigator 

concerned with... 

e conduction-system 
electrophysiology 

e cardiac pharmacology 

e cardiac toxicology 


The CARDIO-PROBE 

includes... 

ean audible pacemaker to 
help establish pacing 

ea conduction 
cardiograph, fully 
patient-isolated, tripolar 
probe included. Adjustable 
gain 40-500 Hz bandwidth 

e Bundle-of-HIS detector, 
with fixed alarm threshold 


References: 


Inputs include... 

both tripolar probe and 
tripolar catheter for flexibility 
in use 


Applications include... 

e localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 
ischemia/infarcts 

e mapping conduction 
pathways 

e recording HIS Bundle 
electrograms 





For more information, 
contact 


eecor 


Inc. 
512 South Freeway 


Fort Worth, Texas 76104 
(817) 338-0451. 


Siegel, L., Mahoney, E. 8., Manning, J. A., and Stewart, S.: An Audible Alarm System 
to Facilitate the Intraoperative identification of Cardiac Conduction Tissue, The 
Journal of Thoracic and Cardiovascular Surgery, 68:241, August, 1974. 


Green, R., Siegel, L., Hill, A., DeWeese, J. A, and Stewart, S.: Regional Myocardial 
infarction at Operation — An Automated System of Identification, Archives of 


Surgery, 110:1416, November, 1975. 
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An Endocardial Tined 
Ventricular Lead. 

The Medtronic * 6950 and 6951 unipolar and bipolar tined 
leads feature four integral silicone rubber tines that 
protrude from the lead body just proximal to the tip 

electrode. These tines were designed to provide better 
acute lead stability and reduce chronic lead 
dislodgement by latching onto the papillary musculature 
or the trabeculae of the right ventricle. The large 
surface area provided by the tines should also enhance 
| the stability afforded by fibrosis. 


A Small, Durable 
Endocardial Tined Lead. 
The newest members of the Tenax ™ family of 


ring-tipped electrode provides 
heart with improved sensing and 
laracteristics. Its durable, 
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For further information on the Medtronic Tenax™ 
lead family, contact your Medtronic, Inc. 
representative or write for a complete 
technical brochure. 


Medtronic, Inc. 
3055 Old Highway Eight, P.O. Box 1453 
Minneapolis, Minnesota 55440 


Medtronic 
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InterLith-RP. 





The pacemaker with a 
fail-safe rate programming design. 





It took Intermedics to combine the 
most straightforward, uncomplicated 
rate programming system in the in- 
dustry with the proven reliability of 
CMOS circuitry. Utilizing the superior 
longevity of a lithium-iodine power 
cell, Intermedics now offers you one of 
the smallest, lightest, most comforta- 

_ ble programmable pacemakers 

« available...the InterLith-RP. 

And now, our rate-programmable 
pacemaker carries the same Patient 
Lifetime Replacement Agreement as 
our standard InterLith (models 223 
and 224). One more reason you can 
place your confidence in the 
InterLith-RP. 

e This pacemaker, unlike others on 
the market, utilizes circuitry that has 
been uniquely designed to avoid ac- 
cidental reprogramming. This fail-safe 
feature requires the occurrence of two 
simultaneous electrical events; first, 
the magnetic reed switch must be 


closed and secondly, the 
programmer must be activated 
in immediate proximity to the 
pacemaker. The nine program- 
mable rates are 51, 55, 60, 65, 
72, 80, 90, 103 and 120 ppm. 
The rate is incremented from 
one value to the next by simply 
depressing the programming 
button. 

A triumph of design, the 
InterLith- RP is hermetically 
sealed in tissue- compatible 
interference-resistant 316L 
Stainless steel and measures 
only 6.0 x 4.6 x 1.5 cm (bipolar unit 
measures 6.3 cm in height), permit- 
ting a smaller incision and a more 
cosmetic pocket. All edges are 
smoothly rounded for greatest patient 
comfort. 

The InterLith-RP's universal con- 
nector readily accepts Intermedics 
leads as well as most manufacturers' 
leads without adapters, making it an 
excellent choice when a replacement 
pulse generator is needed. InterLith- 
RP. The better programmable 
pacemaker. 

For the location of your nearest 
Intermedics representative, or for 
additional information about our prod- 
ucts, call toll-free 1-800-231-2330. In 
Texas, call collect 1-713-233-8611. 


InterLith is a trademark of Intermedics, Inc. 


Note: The InterLith-RP is currently being clinically 
evaluated. 
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INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac 

pulse generators may be indicated for long-term treat- 
ment of impulse formation and conduction disorders 
resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to 
drug therapy 


PRECAUTIONS Implanted pacemakers have a fi- 
nite and relatively widely variable service life as a re- 
sult of factors such as the initial capacity of the bat- 
tery and the shelf storage time of the manufactured 
pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the percentage of time 
the implanted pacemaker is inhibited; and random 
electronic component failures. 

Pacemaker operation can be influenced by elec- 
tric, magnetic, or electromagnetic energy mimicking 
normal cardiac activity. In addition, certain environ- 
mental sources can couple sufficient energy into a 
pacemaker system to damage the pulse generator. 
Specifically, diathermy should not be used on 
pacemaker patients because of possible total inhibi- 
tion of the pulse generator; electrocautery can inhibit 
and/or damage the pacemaker as well as Cause 
burns or possible ventricular fibrillation; defibrillation 
can damage the pacemaker, and the presence of 
the pacemaker may cause increased cardiac mus- 
cle damage from defibrillation. Certain electrical anc 
gasoline-powered appliances can cause inhibition 
of an implanted cardiac pacemaker system. 

For complete precautions, see the Physician's 
Manual for the Intermedics cardiac pulse generator 
to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the use of 
pacemakers as a medical method for control of heart 
rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have been 
reported. 
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Our business is life. 


Whefga low S.M.1. 

starting flow rate is 

desired) the patient raises 

only the Ball in the first chamber. 

The resting position of the second 

chamber Dall indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.I. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 
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monitors The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 

| and hypoxemia— major respiratory complications of 

E OW abdominal and thoracic surgery!? 

K ene 


Sustained Maximal Triflo II provides a unique, lightweight monitoring system 
Inspiration for slow S.M.I. When used as directed, Triflo II supports 
MER the most efficacious maneuver available for preventing 
and reversing alveolar collapse’? with minimal risk of 
“gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation’? 


Approximate measurement of patient progress can be 
measures made and recorded by charting volume inspired per 
| : second: light blue (600 cc/sec)*; medium blue 
| patient (900 cc/sec)*; dark blue (1200 cc/sec )* 
[he physician, therapist or patient can evaluate progress 
Progress quickly and efficiently, at a glance. 
"Volume inspired/Time (sec.) 
e | | | | 
motivates Iriflo Il is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
improvement through the use of the three chamber 
with three- system. Lightweight, economical, compact, easy to 
assemble, easy to use...requires minimum instruction, 


c| lal | Der minimum supervision. ..ideal in the hospital or at home. 
; & 
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Introducing the 
Datascope System 42. 
The first system 
specifically designed for 
pulsatile assist. 
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Not very long ago, we introduced the world’s first clinical 
device to produce pulsation and counterpulsation from the x 
output of the roller pump without the need of an intra-aortic 
balloon or any additional surgery.’ We called the device the 
Datascope PAD.? 


Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don’t need an 
additional person in the Operating Room to run it. 

The System 42 is simple to operate. And we’re happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD™* without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Datascope B. V., 
Kyftenbeltlaan 6, 
Hoevelaken, Holland. È 
Tel. 03495-4514. 


Datascope 
System 42. 
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employed to closely conform to the natural porcine aortic valve. Over 70 anatomic stent 

configura tigas, differing in shape and size, are produced from precision castings of actual porcine 
aortic roo fter initial fixation in Purified Gluteraide lll: each natural porcine aortic valve is 
categorized on the basis of its individual anatomic features. These features include the natural orifice 
shape; the height, location, and orientation of each commissure; and the size and shape of the right 
coronary cusp. A Delrin** stent with Dacron**cloth covering is then selected which closely conforms 
to the original anatomic features of each individual porcine valve. This method of considering the 
anatomic characteristics of each porcine valve provides a xenograft mounting technique closely 
retaining the original anatomic configuration and thus providing natural position and support 

for the porcine tissue. 
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EDITORIAL : 


Antireflux Operations 


' David B. Skinner, M.D. 


The papers by Dr. Berry (p 102, this issue) and 
by Dr. Evangelist and associates (p 107, this is- 
sue) make several noteworthy points concern- 
ing antireflux operations. Unfortunately, both 
reports also illustrate some of the problems that 
have plagued papers evaluating such proce- 
dures. 

Dr. Berry emphasizes the importance of fol- 
lowing an operative technique precisely and 
without any modification if a particular oper- 
ation is to be evaluated and its results compared 
in several centers. It is clear from reading pub- 
lished reports and operative notes and from 
hearing discussions at surgeons’ meetings that 
a variety of modifications have been made in 
antireflux operations and that, despite the mod- 
ifications, the procedures continue to be called 
a Belsey, Hill, or Nissen repair. These approxi- 
mations of the original operations have led to 
variable results and contributed to the confu- 
sion about antireflux procedures. 

Another important point made in this paper 
is that extensive mobilization of the esophagus 
up to the aortic arch is frequently necessary to 
achieve reduction of the intraabdominal seg- 
ment of the esophagus. By using this approach 
my colleagues. and I have found, as has Dr. 
Berry, that it is rarely necessary to do an 
esophageal replacement or lengthening proce- 
dure as an initial antireflux repair. 


From the Department of Surgery, The University of 
Chicago, 950 E 59th St, Chicago, IL 60637. 


Dr. Evangelist and co-workers describe a 
modification of the gastroplasty operation and 


. present the good results it has achieved. The 


principle of elongating the intraabdominal 
swallowing tube to prevent reflux is sound, and 
the method employed is fairly simple and 


Straightforward. The importance of preopera- 


tive dilation of benign esophageal strictures is 
appropriately stressed. 

Both these papers suffer seriously from a lack 
of objectivity in reporting details of the patient 
population treated, criteria for selection of pa- 
tients for operation, and documentation of the 
extent of reflux and esophagitis before opera- 
tion. Both acknowledge that the duration of 
follow-up is too short (average, 35 months, Ber- 
ry, and 27 months, Evangelist and colleagues) 
to make the results conclusive for the outcome 
of antireflux operations known to have a high 
late failure rate. Neither report has system- 
atically employed objective measurements for 
the control of reflux, although such objective 
tests have been available for some years. This 
lack of critical assessment of results, insufficient 
description of preoperative patient status, and 
inadequate follow-up consigns these two en- 
thusiastic and well-meaning papers to the al- 
ready crowded category of interesting but in- 
conclusive reports. Management of the com- 
mon clinical problem of gastroesophageal reflux 
has been confused by such noncritical and in- 
conclusive reports for too long. 
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ORIGINAL ARTICLES 


Surgical Correction of Refractory 
Reflux Esophagitis Using the Standard 
Unmodified Belsey Mark IV Technique 


Wilham B. Berry, M.D. 


ABSTRACT The treatment of symptomatic hiatus 
hernia unresponsive to medical treatment has been 
refined in the last decade. The work of Hill and col- 
leagues in investigating the pathophysiology of this 
problem, and the anatomical techniques developed 
by Dr. Nissen and Mr. Belsey, have reduced the re- 
currence rate in the surgical management of symp- 
tomatic hiatus hernia to the point where it is at least 
as low as that for surgically treated duodenal ulcer. 

The most commonly employed methods of surgi- 
cal repair for symptomatic hiatus hernia are those 
advocated by Drs. Nissen and Hill and Mr. Belsey, 
which are superior to the many unmonitored meth- 
ods employed in the past. Recently, the use of mod- 
ifications of these techniques has been reported in 
the literature with short follow-up studies. The cur- 
rent communication relates one surgeon’s experience 
treating 85 consecutive patients with refractory re- 
flux esophagitis using the standard unmodified Bel- 
sey Mark IV repair as originally described by Mr. 
Ronald Belsey of Bristol, England. Details of this 
repair are presented. 


The surgical treatment of symptomatic hiatus 
hernia unresponsive to medical measures has 
become refined in a relatively short time. Fol- 
lowing Mr. Philip Allison’s first connection of 
the link between sliding hiatus hernia and 
esophagitis [1], surgeons around the world, 
particularly in America, began to approach this 
problem aggressively. 

The number and description of surgical tech- 
niques that have been employed in the treat- 
ment of refractory reflux esophagitis are almost 
impossible to enumerate, and the results ob- 


From the Cardiovascular and Thoracic Surgical Division, 
Memorial Hospital, Chattanooga, TN. 


Presented at the Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association, Nov 3-5, 1977, 
Marco Island, FL. 


Address reprint requests to Dr. Berry, 106 Memorial Medi- 
cal Bldg, 721 Glenwood Dr, Chattanocga, TN 37404. 


served have generally been so poor that many 
physicians justifiably became dubious of any 
surgical solution. Unfortunately, for years, 
many patients needlessly suffered the embar- 
rassment and discomfort of the ravages of this 
basically benign disorder. 

The last decade has brought rapid advances 
in the pathophysiological and anatomical 
understanding of refractory hiatus hernia. The 
surgical procedures developed by Mr. Belsey 
[11] and Dr. Nissen [7], as well as the anatomi- 
cal and physiological studies of Hill and col- 
leagues [5, 6], have reduced the surgical recur- 
rence rate to the point where this group of 
patients can now be surgically treated with re- 
sults that at least rival those following surgical 
treatment of refractory duodenal ulcer. 

The three popular operative techniques now 
employed for the management of hiatus hernia 
with refractory reflux esophagitis reflect the ef- 
forts of the aforementioned investigators, and 
our progress in treating this disease is reflected 
in the fact that most of the unnamed operations 
have not stood the test of time and have fallen 
by the wayside. Recently, however, àn increas- 
ing number of procedures prefaced by the term 
modification [2, 4, 10, 12] are appearing in the 
literature. It is unfortunate that this rush to the 
publisher with new operations tried on only a 
small number of patients followed for short 


periods of time might result once again ina loss ` 


of confidence that good surgical results are pos- 
sible in this disorder. 

The present report reflects the author's per- 
sonal experience in the performance of 85 con- 
secutive Belsey Mark IV reconstructions over 
the past five years. The operation was per- 
formed as learned under the tutelage of Mr. Bel- 
sey, with no modification in technique. (The 
author was senior registrar to Mr. Belsey during 
1966—1967 at Frenchay Hospital in Bristol, Eng- 
land.) 
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Material and Method 

Over the five-year period beginning January, 
1972, 85 patients (53 female, 32 male) had the 
standard Belsey Mark IV repair performed as 
described by Skinner and Belsey [11]. The con- 
sistent technical features of the standard Mark 
IV repair employed in this group of patients 
were: 


1. Extensive mobilization of the esophagus all 
the way to the aortic arch, if need be, to 
allow 4 to 5 cm of esophagus to lie tension 
free in the high-pressure zone beneath the 
diaphragm at the completion of the repair. 

2. Complete division of all peritoneal attach- 
ments to the esophagogastric junction, in- 
cluding division of the ascending phrenic 
branch of the left gastric artery and as many 
gastrosplenic vessels as indicated, allowing 
easy deliverance of the gastric cardia and 
terminal esophagus into the pleural cavity 
before beginning the placement of sutures. 

3. Preservation of both vagus nerves. 

4. A 240-degree fundoplication of the gastric 
cardia around the left anterolateral two- 
thirds of the esophagus after complete re- 
moval of the gastroesophageal fat pad, with 
the first layer of three sutures approximating 
the stomach to the esophageal muscle just at 
the esophagogastric junction, creating a gas- 
tric buttress around the esophagus. The sec- 
ond layer of sutures is placed in the same 
location as the first layer, but at a higher 
level on the esophagus. The second layer of 
sutures is brought through the tendinous 
portions of the diaphragm, taking care not to 
violate the hiatal muscular sling or the 
phrenic nerve. The second layer of sutures is 
tied afier the reconstructed esophagogastric 
junction is reduced below the diaphragm. 

5. Placement of an appropriate number of pos- 
terior buttress sutures approximating the 
two halves of the right crus of the dia- 
phragm. Special care is taken not to violate 
the liver or spleen with these sutures. Ten- 
sion is always exerted on the medial portion 
of the diaphragm, so that the posterior su- 
tures are firmly placed in the sturdy, tendi- 
nous portion of the medial origin of the dia- 
phragm. 


Table 1. Age at Operation, by Sex 


Age Men Women Total 
20-29 m 2 3 5 
30-39 6 5 11 
40-49 12 15 27 
50-59 6 16 22 
60-69 4 10 14 
70-79 2 á 6 
Total 32 53 85 
Mean age 48.2 51.6 50.3 
Age range 20-78 26-73 20-78 


The age range of the patients was 20 through 
78 years, with a mean age of 50 years (Table 1). 
All patients had had known major symptoms 
refractory to medical regimens for at least six 
months; 40 of the 85 patients (47%) had been 
denied surgical referral for more than three 
years. All but 4 of the 85 patients had type I 
hiatal hernia (sliding) with pure reflux 
esophagitis with varying degrees of dysphagia; 
the remaining 4 were seen primarily for bleed- 
ing. Before the operation, all patients had 
esophagoscopy, which showed varying degrees 
of erosive esophagitis. Cineesophagograms 
performed in these patients confirmed incom- 
petent cardiac mechanisms with disordered 
peristalsis and free reflux of gastric juices in all 
patients (type I). All patients had failed to re- 
spond to medical therapy. 

Among the patients in the series, 9 opera- 
tions were performed for recurrent symptoms 
following an initial operation done by another 
surgeon at an earlier date; 3 of the primary pro- 
cedures were transthoracic in approach, all fol- 
lowing an Allison repair, and 5 were secondary 
to transabdominal operations. In 3 patients, 
posterior crural approximation only was per- 
formed; in 2 others, a vagotomy and pyloro- 
plasty were combined with a hernia repair hav- 
ing no descriptive name. The remaining patient 
had undergone three previous partial gastrec- 
tomies for symptoms that in retrospect were 
classic for reflux esophagitis. This patient had 
no gastric or duodenal ulcer evident on his- 
topathological examination. 
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Results 


Of the &5 patients in this series, 4 have died 
from unrelated causes (Table 2). The operative 
mortality was zero. The 81 surviving patients 
have been followed yearly (Table 3). All pa- 
tients have been seen by the referring physician 
and the surgeon at least annually, and either the 
patient or the family (or both) was personally 
interviewed in 1977. All patients had barium 
swallows within three weeks of operation, and 
56 of the 81 surviving patients had follow-up 
cineesophagograms performed in 1977. The 25 
patients who did not have long-term postopera- 
tive cineesophagography refused to have any 
further studies done because they were symp- 
tom free and did not desire to spend any more 
time or money on the problem. 

All but.1 patient showed no hernia, no reflux, 
and normal esophageal motility on cine- 
esophagography. In 1 patient, recurrent re- 
flux was demonstrable but not a hernia; this 
patient, however, denied any eating problems 
other than being unhappy with the diet she 
maintained for unstable diabetes. 

In interviews with the patient or family, or 
both, during 1977, it was confirmed that the 
patient's eating habits had returned to normal, 
with no restriction in dietary intake and no 
heartburn. 

The gas-bloat syndrome was not seen in this 
group of patients. The incidence of post- 
thoracotomy discomfort lasting beyond one 
year approximated 10%. 

Significant preoperative stricture was present 
in 2 patients. One responded to intraoperative 
dilation, and her postoperative barium swallow 
revealed a normal appearance within two years; 
the second patient, at operation, also had dila- 
tion and subsequently returned to a normal 
alimentary state. Cineesophagography in this 
patient after five years showed mild narrowing 
at the esophagogastric junction, with the study 
findings otherwise normal. Nonetheless, the 
patient remains asymptomatic. 

All 40 patients with long-term symptoms had 
a severe periesophageal inflammatory reaction 
at operation, with much fatty tissue prolifera- 
tion. With mobilization of the esophagus well 
above the lung hilum, ample gullet was avail- 
able for a tension-free Mark IV repair. 


Table 2. Deaths from Unrelated Causes 


Date of  - Cause of Date of 

Operation Patient Death Death 

3/72 LJ Pulmonary 6/74 
embolism . 

3/72 J. B. Acute myocardial 3/74 
infarction 

9/74 K. S. Acute myocardial 12/74 
infarction 

2175 J. D. Complications after 8/75 
cholecystectomy 


Table 3. Follow-up Period 


Mean 
Year of No. of Follow-up 
Operation Patients Period (mo) 
1972 11 63.9 
1973 17 46.9 
1974 20 39.3 
1975 20 26.8 
1976 13 9.1 
1977 4 6.6 
Total patients 85 35.0 
Patients operated 48 47.6 
on in 1972, 
1973, 1974 


Seven patients required one dilation within 
two weeks after operation for dysphagia; none 
had any further symptoms. In 5 additional pa- 
tients, one esophagoscopy was required within 
six weeks postoperatively for unchewed meat 
failing tc pass into the stomach. These patients 
also had no further symptoms. 

Manometric studies and acid reflux testing 
were not performed in this group of patients. 


Comment 


When Frofessor Allison discussed surgical 
treatment for esophageal reflux at the American 
Surgical Association in 1970, he prefaced his 
remarks by admitting that anything he said 
would be “steeped in prejudice.” Again, in 
1973, when he condensed his twenty years’ 
work in a discussion at the American Surgical 
Association meeting, he candidly spoke of pre- 
senting the "dry ashes after the cremation.” 
Most recently, Mr. Belsey, when commenting 
on Dr. Henderson’s paper at The Society of 
Thoracic Surgeons Meeting in early 1977, stated 


DP di 


^ ^ 
nu 4 


"X 


105 Berry: Refractory Reflux Esophagitis with Belsey Mark IV Technique 


that he purposely waited fifteen years before 
publishing his work in order to "show his cri- 
tics whether the operation was ‘any damned 
good.’ " This candor reflects the integrity of the 
surgeons involved in solving this problem and 
also suggests that the management of these pa- 
tients remains somewhat controversial. 

All patients in this series fulfill the original 
criteria for a successful operation as outlined by 
Mr. Belsey: They lead a normal life without 
medication, have no heartburn, can belch, and 
can vomit. They represent in simple fact one of 
Mr. Belsey's favorite aphorisms, "satisfied cus- 
tomers.” 

This report can be criticized for the omission 
of manometric and acid reflux testing studies. 
No one would argue with the invaluable infor- 
mation gained from these tests, nor with the 
knowledge we have gained about the disor- 
dered physiology of the esophagus by their ap- 
propriate application. At the same time, 
cineesophagography and endoscopy, especially 
when combined with the difficult art of listen- 
ing closely to what your patients tell you, pro- 
vide information that in a basically benign dis- 
order is equally important. In the race to the top 
of the literary ladder as to which is the best, or 
second best, or third best operation, numbers 
per se do not provide a final answer. 

The Nissen operation is an accepted excellent 
antireflux operation and entails a 360-degree 
fundoplication, as contrasted with the 240- 
degree fundoplication previously described in 
the Mark IV repair. This variance in technique 
might be in part responsible for the greater in- 
creases in lower esophageal sphincter pressures 
demonstrated with the Nissen technique in ex- 
perimental models of the two procedures; the 
proper placement of 4 to 5 cm of tension-free 
esophagus beneath the diaphragm in the 
high-pressure zone is critical for a successful 
repair, no matter what the pressure determina- 
tion. In this regard, I believe a distinct advan- 
tage of working in the chest is having full access 
to the entire esophagus. 

With its three-directional blood supply, 
the gullet can be freed from extensive 
periesophageal inflammatory disease all the 
way to the aortic arch, if need be, without vas- 
cular compromise. It is imperative that the re- 
constructed esophagogastric junction rest com- 


fortably beneath the diaphragm throughout the 
respiratory cycle without retracting into the 
chest before the final sutures are tied. 

An aggressive approach to extensive 
esophageal mobilization at the beginning of the 
Mark IV repair frequently obviates the need for 
any esophageal lengthening operation. The im- 
portance of an aggressive attitude toward 
esophageal mobilization was summed up by 
Mr. Belsey in his discussion of Orringer and 
Sloan’s [8] recent report on the "Collis-Belsey" 
operation: "The single most important element 
in the Mark IV repair is adequate mobilization 
of the esophagus.”’ 

No patients in this series required the Collis 
gastroplasty. In patients with too much in- 
flammatory foreshortening of the esophagus for 
a tension-free repair, I would not hesitate to use 
the Collis maneuver [3], but would be careful to 
combine this technique with the unmodified 
Mark IV repair [8]. 

The follow-up of these patients is 6.5 to 67 
months, with a mean of 35 months. For the 48 
patients operated on in the years 1972 to 1974, 
the average period of follow-up is 47.6 months 
(Table 3). In benign disease, I believe this is not 
nearly so conclusive as what happens fifteen or 
twenty: years later, and some recurrences 
should be observed as the years pass. Mr. 
Belsey's follow-up period, however, suggests 
what will happen to these patients over the long 
haul. I believe the patients in this series further 
validate the efficacy of the Mark IV repair. 

A final comment on the surgical management 
of reflux esophagitis would be that it is impos- 
sible to learn any of the currently accepted op- 
erations from a book or journal or from talking 
with a colleague. The anatomical requirements 
of the Mark IV repair, at least, are so precise 
that anyone interested in the operation should 
spend some time with someone who has really 
"been there." The casual or occasional operator 
who attempts surgical cure of esophagitis will 
probably only cause problems for another sur- 
geon at a later date. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the Marco Beach Hotel, Marco Island, FL, on 
November 2—4, 1978. There will be a $100 regis- 
tration fee for nonmember physicians except for 
guest speakers, authors and coauthors on the 
program, and residents. There will be a Post- 
graduate Program on Difficult Problems in Sur- 
gical Management preceding the regular, pro- 
gram. This meeting has been approved for 
Category I CME credit. 

The Scientific Program will be published by 
title and authors in the September issue of The 
Annals of Thoracic Surgery. Manuscripts of pa- 


pers accepted for the program must be sub- 
mitted to The Annals of Thoracic Surgery by Oc- 
tober 15, 1978. 

Applications for membership should be com- 
pleted by September 1, 1978, and forwarded to 
Ronald F. Galloway, M.D., 1467 Harper St, Au- 
gusta, GE 30902. Hotel reservations may be 
made by writing to the Marco Beach Hotel, 400 
South Collier Blvd, Marco Island, FL 33937. 
(Phone: 813-394-2511). 


J. Kent Trinkle, M.D. 
Secretary-Treasurer 


The Modified Collis-Nissen Operation 
for Control of Gastroesophageal Reflux 


Felix A. Evangelist, M.D., Frederick H. Taylor, M.D., 


and J. David Alford, M.D. 


ABSTRACT An operation employing the Nissen 
fundoplication performed about an undivided 5 cm 
gastroplasty tube created with a gastrointestinal 
anastomosing (GIA) stapler that was modified by 
elimination of the cutting blade has been devised 
and evaluated in 48 patients over a period ranging 
from 3 to 52 months (average, 27 months). Seventeen 
of these patients had severe esophageal strictures. 
Reflux control, evaluated by clinical appraisal and 
roentgenograms in all patients and by 24-hour 
esophageal pH monitoring in some, has been com- 
plete in all patients throughout the study. One pa- 
tient with undetected subclinical achalasia continues 
to have mild dysphagia and represents the only un- 
satisfactory result in the series. Normal swallowing 
has been restored to all patients with strictures, and 
the others remain free of symptoms. The simplicity, 
reproducibility, and effectiveness of this operation 
warrant its continuing evaluation. 


Complete and permanent control of gastro- 
esophageal reflux is the ultimate and manda- 
tory goal of any treatment proposed for the al- 
tered pathophysiology associated with hiatal 
hernia and incompetence of the lower esoph- 
ageal sphincter. It is apparent that the 
widely accepted procedures, the Belsey [24], 
Nissen [1, 15], and Hill [13] operations, can and 
do achieve this in a majority of patients pro- 
vided they are performed under favorable ana- 
tomical conditions and with precise attention to 
the details of the operative techniques [2, 4, 11, 
26]. However, the high incidence of recurrent 
or persistent reflux [17, 20, 25], especially in pa- 
tients with complicated forms of hiatal hernia, 
esophageal strictures, panmural esophagitis, 
and esophageal shortening, has led to the pur- 
suit of alternative surgical goals. 


Pearson and associates [22] reported that 
combining the Belsey Mark IV operation with 
the gastroplasty described by Collis [6, 7] gave 
unique success in patients with severe 
esophageal strictures and shortening of the 
esophagus. In this procedure, a 5 cm gastro- 
plasty tube is created by division and suturing 
or by stapling and division, and a standard 
Belsey fundoplication is done [18, 21, 22]. Our 
own efforts in this direction led to a method 
that utilizes an undivided gastroplasty tube, 
which is created with a modified GIA stapler, 
combined with the Nissen fundoplication. 


Material and Methods 
Forty-eight patients, ranging from 11 to 72 
years old, underwent combined Collis-Nissen 
reconstruction between June, 1973, and July, 
1977. There were 16 male and 32 female pa- 
tients. Reconstruction was done in 44 patients 
because of complications of gastroesophageal 
reflux (including esophageal strictures in 17). 
The procedure was performed in 3 patients 
with achalasia to ensure gastroesophageal com- 
petence following esophagomyotomy [23] and 
in 1 patient with known gastroesophageal re- 
flux as an adjunct to emergency repair of a rup- 
tured esophagus. Preoperative symptoms in- 
cluded pyrosis in 25 patients, dysphagia in 20, 
atypical chest pain in 12, spontaneous and 
troublesome vomiting in 7 (in 3 of whom it was 
the only symptom present), and major pulmo- 
nary complications in 4 patients. 

All patients underwent preoperative roent- 
genographic and endoscopic evaluation. 
Roentgenographic findings included a hiatal 
hernia in 39 patients. Fourteen of them had 
major gastroesophageal reflux, and - d. had 
moderate to severe stricture, inc 
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Operative technique for the combined Collis-Nissen 
procedure. (A) The GIA stapler without a cutting blade 


is applied to the cardia so that it lies against an indwell- . 


ing bougie. (B) An undivided 5 cm gastroplasty tube is 
made. (C, D) The Nissen fundoplication is done with 
three horizontal mattress sutures. 


graphically in 3 patients. Endoscopic findings 
were moderate to severe peptic esophagitis in 
34 patients, including stricture in 17, and gross 
reflux in 17 patients. 

During the last 6 months of this study, 24- 
hour esophageal pH monitoring became avail- 
able and was carried out in 12 patients before 
the procedure was done. All 12 showed moder- 
ate to severe degrees of reflux during the 24- 
hour period. 

Operation is carried out through a left sixth 


n 
"27 i 
we a 
R ALA a, 






Nye SN OSS 


Gastroesophageal 
Janeton 





Old 
Gastroesophageal 
Junction 


interspace thoracotomy, and the esophagogas- 


tric junction is mobilized in the same manner as 


in the Mark IV operation. The free portion of 
the cardia of the stomach is drawn upward 
through the intact hiatus. At no time is it neces- 
sary to divide either short gastric vessels or the 
gastrohepatic omentum. A 52F Hurst mercury- 
filled bougie is passed from above and caused 
to lie across the esophagogastric junction along 
the lesser curvature of the stomach. A standard 
GIA stapling instrument is then applied lon- 
gitudinally to the gastric wall, parallel to and 
gently but firmly abutted against the indwell- 
ing bougie (Fig 1A). The staples are driven 
home and the stapler removed, thereby creating 
a 5 cm gastroplasty tube (Fig 1B), which is still 
attached to the remainder of the fundus. This is 
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wrapped around the newly created tube and is 
held in place with three horizontal mattress su- 
tures of nonabsorbable material (Fig 1C, D). 
Then the bougie is partially withdrawn into 
the thoracic esophagus to facilitate reduction of 
the newly constructed gastroesophageal junc- 
tion below the diaphragm. Once reduction is 
accomplished, the bougie is reinserted into the 
stomach to aid in calibration of the hiatus while 


three previously placed crural sutures are tied | 


posterior to the hiatus. 

Attempts were made to achieve preoperative 
esophageal dilation to a diameter of 60F in all 
adult patients with strictures. This could not be 
done safely in 6 of them. Three of the 6 were 
successfully brought to this level intraopera- 
tively under direct control, and the remainder 
were dilated to diameters of 44 to 50F intraoper- 
atively. 


Results 

There were no surgical deaths in this series and 
no complications related to the fundoplication 
or gastroplasty. An esophageal leak developed 
on the seventh day after operation in an 11- 
year-old girl who had a combined esopha- 
gomyotomy and fundoplication. It was a 
0.5 cm perforation in the upper one-third of the 


. myotomized segment related to a small area of 


late necrosis in the mucosa, and was controlled 
by T-tube drainage. The child did well and in 7 
months after the operation had gained 10 kg 
over her preoperative weight of 21.3 kg. 

At the time of writing, the entire group had 
been followed for from 3 to 52 months (average, 
27 months). All 48 patients have had complete 
clinical control of reflux, and roentgenographic 
analysis has failed to show recurrence of reflux 
in any. 

Six patients have had postoperative 24-hour 
pH monitoring in the distal esophagus [5, 8, 14] 
at periods ranging from 3 to 42 months follow- 
ing operation. (Three of these patients are in 
the group of 12 who had preoperative 
esophageal pH monitoring that indicated se- 
vere gastroesophageal reflux. The other 3 
underwent the procedure before this test was 
available: reflux was demonstrated preopera- 
tively by roentgenographic, clinical, and en- 
doscopic methods.) None of the 6 patients 


showed evidence of gastroesophageal reflux by 
the monitoring technique. 

All but 1 of the 20 patients with strictures 
have had normal swallowing restored through- 
out the period of study. Four patients did re- 
quire bougienage once or twice in the first 3 
months after operation, but since then have 
remained well One woman did well for 6 
months after repair of a severe distal esophageal 
stricture. Then she swallowed lye in a suicide 
attempt, and a stricture developed in the upper 
thoracic esophagus. One man had achalasia 
that was not suspected preoperatively and con- 
sequently was not treated. It became clinically 
more important and bothersome in the post- 
operative period. He represents the only un- 
satisfactory result in this series. Thus 47 of 48 
patients are now able to swallow normally, eat 
all foods without difficulty, and require no spe- 
cific medications or anatomical maneuvers to 
maintain comfort. 


Comment 
The control of gastroesophageal reflux has rep- 
resented a major surgical challenge for some 
time. Many excellent procedures have been de- 
vised and vigorously championed. All too fre- . 
quently, however, dissatisfaction has arisen 
due to either inadequate control of reflux ini- 
tially or late recurrence of this disastrous entity. 
In 1977, Henderson [12] and Orringer [16] re- 
ported failure rates of 44.6% and 16%, respec- 
tively, with the Collis-Belsey procedure. Both 
have since abandoned this procedure in favor 
of a Nissen-type fundoplication about the di- 
vided gastric tube, with improved results [12, 
1917 

Bingham [3] in 1974 reported a series of clini- 
cal techniques designed to create an antireflux - 
valve that would function permanently. Each of 
the three methods was tried in 50 patients over 
several years. The work culminated in the adop- 
tion of an undivided gastric tube, created with 
the TA-55 stapling device, combined with a 
Nissen fundoplication. Control of reflux has 
been complete through the two-year period of 
follow-up in the 59 patients in whom this 
method was used. Demos and associates [9, 10] 


*Orringer MB: Personal communication, 1977. 
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independently devised the same procedure and 
achieved similar results. Their operation differs 
from the one reported here only in the use of 
a different stapling device and the need to 
mobilize somewhat less of the gastric fundus. 

The Collis-Nissen approach was utilized ini- 
tially only for patients with esophageal shorten- 
ing and strictures. The early good results in 
these difficult cases combined with the simplic- 
ity and reproducibility of the procedure soon 
led us to adopt it for the more common and less 
demanding problems associated with gas- 
troesophageal reflux. We realize that only a 
longer period of observation can demonstrate 
the true merit of this operation. However, the 
favorable results we have obtained during the 
four years the procedure has been in use en- 
courage us to recommend its continuing appli- 
cation and evaluation. E 


Addendum 

Since the submission of this paper for publication, 
the 1 patient with an unsatisfactory result because of 
unsuspected achalasia underwent a standard Heller 
esophagomyotomy on December 22, 1977. This was 
readily accomplished by carrying the myotomy just 
below the original gastroesophageal junction and 
without needing to disrupt the earlier Collis-Nissen 
procedure. Normal swallowing function was re- 
stored, and the patient has no reflux either symp- 
tomatically or roentgenographicaly or by pH 
monitoring. 
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Notice from The Society of Thoracic Surgeons 


Call for Abstracts—1979 Meeting 
(Deadline: August 31, 1978) 


Abstracts for papers to be presented at the 1979 
Annual Meeting of The Society of Thoracic Sur- 
geons are now being accepted. The meeting is 
to be held at the Phoenix Civic Plaza, Phoenix, 
AZ, January 15-17, 1979. 

The deadline for receipt of abstracts is August 
31, 1978. An original and eight copies should be 
submitted on the official society abstract form 
to Robert L. Replogle, M.D., Chairman, Pro- 
gram Committee (Abstracts), The Society of 
Thoracic Surgeons, 111 E Wacker Dr, Chicago, 
IL 60601. The forms are available upon request 
from The Society. Abstracts must summarize an 
original contribution not presented or submit- 
ted elsewhere. Abstracts received after the 
deadline will not be considered. It is requested 
that the covering letter indicate the author who 
is to receive notice of acceptance or rejection 
and the author who will present the paper. 

The Program Committee reserves the right to 
select papers for either regular or forum-type 
presentation. The author may also designate his 
preference for presentation in the forum. Es- 
sayists are reminded that the complete manu- 
script must be submitted in duplicate either to 
the Editor of The Annals of Thoracic Surgery be- 


fore the meeting or to the Secretary of The Soci- 


ety at the meeting, immediately prior to presen- 
tation. 


Editor’s Note 


The authors have achieved excellent results ir. reliev- 
ing the symptoms of esophageal reflux and are to be 
congratulated. However, it is not possible to com- 
pare these results with reports in which the control of 
reflux has been determined by more sophisticated 
manometric and pH studies. 


Call for Surgical Films 

(Deadline: August 31, 1978) 

The popular surgical movie program will again 
be presented at the Phoenix meeting. The Pro- 
gram Committee hereby solicits the submission 
of surgical films, which may portray a surgical 
procedure or simply a technical maneuver that 
the surgeon thinks will be of interest to the So- 
ciety. The film may not exceed 10 minutes in 
length. Sound movies. are acceptable but not 
necessary, and live narration by the principal 
surgeon is a requirement for participation in 
the movie night program. The movies may be 
on Super-8 Or 16-mm film. The deadline for 
submission of films.is August 31, 1978. Films 
also should be sent to Robert L. Replogle, M.D., 
Chairman, Program: Committee, at The Society 
office, 111 E Wacker Dr, Chicago, IL 60601. 


Application for Membership 

(Deadline: September 1, 1978) 

Requests for membership application forms 
should be addressed to Quentin R. Stiles, M.D., 
Chairman, Membership Committee, The Soci- 
ety of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

The completed application forms and sup- 
porting letters must be in the hands of the 
Membership Committee by September 1, 1978, 
for the applicant to be considered for election at 
the Phoenix meéting next January. 


Thomas D. Bartley, M.D. 
Secretary 


Tracheal Tumors: Surgical Management 


Hermes C. Grillo, M.D. 


ABSTRACT In a 15-year period, 63 patients with 
primary tracheal tumors were seen. Twenty-eight 
patients with primary tumors and 8 with secondary 
tumors of the trachea were treated by resection with 
single-stage reconstruction. There were.24 cylindri- 
cal resections of trachea, 2 lateral resections of 
trachea, and 10 carinal reconstructions. Thirty-five 
additional patients with primary tracheal tumors 
were managed by staged reconstruction, irradiation, 
or no treatment. The most common primary lesion 
was squamous cell carcinoma and the second, 
adenoid cystic carcinoma. Benign primary tumors 
and low-grade malignant tumors obtained excellent 
palliation and usually cure. Surgical removal of 
Squamous cell carcinoma and adenoid cystic car- 
cinoma, usually with adjunctive irradiation, pro- 
vided good palliation or the probability of cure. Re- 
section of selected secondary tumors provided long- 
term palliation. 


Resection and primary reconstruction of the 
‘trachea and carina have been utilized to any 
degree only since 1962, when the techniques of 
anatomical mobilization were applied to extend 
the possibilities of the procedures. Primary 
tracheal tumors that are surgically removable, 
even by present techniques, are rare in any 
single institution [2, 10, 13, 14, 16, 18], and few 
secondary tumors involving the trachea seem 
amenable to potentially curative resection. As a 
result, the accumulation of experience in the 
treatment of specific lesions has been slow. A 
further problem in the statement of results is 


the notoriously prolonged and insidious course : 


of adenoid cystic carcinoma, which may require 
15 or more years of follow-up for reasonable 
certainty of cure. From November, 1962 
through 1977, 36 patients with primary or 
secondary tumors in the trachea underwent 
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tracheal resection and primary reconstruction at 
Massachusetts General Hospital. Although the 
number of patients in any single subcategory is 
small, this report may be instructive in its dis- 
cussion of the problems of such approaches. 
Follow-up has been brief for many of the pa- 
tients, but some trends have appeared. _ 


Material 

From 1940 to 1962, before resection and primary 
reconstruction were used, 27 patients with pri- 
mary tracheal tumors were seen. In the follow- 
ing 15 years, covered by this report, 63 addi- 
tional patients were treated. (The increase in 
numbers reflects my interest in the problem 
rather than an upsurge in occurrence.) The his- 
tological distribution of the lesions was consis- 
tent. Squamous cell carcinoma primary in the 
trachea was most common; 42 patients out of 
the 90 seen had this cell type. Excluded are ex- 
tensions of squamous cell carcinoma of the 
larynx, esophagus, and lung. The second most 
common primary tracheal tumor was adenoid 
cystic ca-cinoma, 29 patients. It was formerly 
called by the mistakenly benign sounding term 
cylindroma. Ten patients had tumors of varying 
malignancy, including chondrosarcoma, car- 
cinosarcoma, carcinoid, spindle cell sarcoma, 
adenosquamous carcinoma, adenocarcinoma, 
and monocytic leukemia. Nine patients demon- 
strated benign primary tumors, including 
chondroma, chondroblastoma, squamous pap- 
illoma, granular cell tumor, hemangioma, and 
fibroma. 

Twenty-three of the 63 patients with primary 
tracheal tumors seen in the 15-year period cov- 
ered by this study did not undergo resection. 
Three of them had specialized problems, which 
it seemed best to handle conservatively. One 
child had juvenile papillomas, which were 
treated cryosurgically with the expectation 
of regression. One suffered from extensive 
squamous papilomas with atypism, which 
were too extensive for resection. A third had 
probable congenital hemangiomatous involve- 
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ment of the entire mediastinum and neck with 


' one element present in the tracheal lumen. Four 


patients with adenoid cystic carcinoma were 
not accepted as candidates for surgical resec- 
tion. In 1 the lesion extended submucosally to 
the takeoff of the upper lobe on both right and 
left sides and was manifestly beyond surgical 
resection. Two others had pulmonary metas- 
tases; palliative resection would have required 
laryngectomy in 1 of them. Irradiation of the 
local lesions was therefore utilized. À fourth pa- 
tient had what appeared to be a resectable le- 
sion, but he had received high-dose irradiation 
for the initial appearance of the same lesion 
many years before. The balance of the patients 
who did not undergo resection had extensive 
squamous cell carcinoma. In the majority, the 
lesion either was too extensive along the length 
of the trachea or had extended too deep into the 
mediastinal structures to be considered for sur- 
gical resection. Three had had extensive irradia- 
tion long before they were seen by me, and 2 
had undergone previous attempts at resection 
elsewhere, with recurrence. One additional pa- 
tient with adenoid cystic carcinoma and 1 with 
recurrence were explored, but both were found 
to have extensive mediastinal invasion. Irradia- 
tion was subsequently given. The remaining 40 
patients underwent one type or another of sur- 
gical resection. During the same period, 16 pa- 
tients with secondary tracheal tumors under- 
went varicus attempts at surgical extirpation. In 
total, there were 56 patients who underwent re- 
section of either primary or secondary tracheal 
tumors. From this group 36 patients were se- 
lected to have primary resection and reconstruc- 
tion, and this report focuses on these 36 pa- 
tients. However, since one of the principal 
purposes of this paper is to analyze the tech- 
niques and results of surgical treatment of 
neoplasms affecting the trachea, patients with 
secondary tumors are mentioned. 

Of the 56 patients, 10 had tumors involving 
the larynx that were too extensive for partial 
laryngectomy. Laryngotracheal extirpations 
were done with varying amounts of adjacent 
tissue in attempts at cure. Two of these patients 
had adenoid cystic carcinoma, and a third had 
an unusual mixture of adenoid cystic car- 
cinoma, adenocarcinoma, and squamous cell 


carcinoma. A fourth patient had a primary 
squamous cell carcinoma in the lower third of 
the trachea, which appeared contemporane- 
ously with primary carcinoma of the larynx. 51x 
patients with primary carcinoma of the thyroid, 
larynx, or esophagus underwent various types 
of cervical exenterations, including resection 
of the larynx, thyroid, and in some cases 
esophagus or lower pharynx as well as the 
upper trachea. The reconstructive procedures 
sometimes included colon transplants for 
esophageal reconstruction. 

Ten patients—2 with primary squamous cell 
carcinoma of the trachea, 5 with very extensive 
adenoid cystic carcinoma of the trachea, 1 who 
had had prior resection for granular cell tumor 
of the trachea elsewhere with subsequent ne- 
crosis of the trachea, and 2 with extensive inva- 
sion by thyroid carcinoma—could not have 
primary reconstruction. Instead, radical extir- 
pation of the tumors was performed with at- 
tempts at staged reconstruction by a variety of 
techniques. 

Excluding these 20 patients, there were 36 pa- 
tients who underwent resection of tumors with 
primary reconstruction. Thirty-four had either 
cylindrical resection or carinal resection with 
suture anastomoses. Two had simple lateral re- 
section of the trachea (window resection) and 
primary repair. These numbers emphasize the 
relatively small group of patients with primary 
neoplastic lesions of the upper airway that are 
resectable with primary reconstruction, even by 
present-day extended techniques. In contrast, 
more than 200 patients with benign stenotic le- 
sions of the trachea, chiefly due to postintuba- 
tion injuries, underwent reconstruction during 
the same period. 

The 36 patients reported on had a wide geo- 
graphic distribution, and follow-up was neces- 
sarily largely by mail or telephone. Satisfactory 
communication was made with either the pa- 
tient or his physician or both in every instance. 
When possible, roentgenograms were reviewed 
and the patients were seen by us. 

Table 1 summarizes the management of pa- 
tients in the 15-year period from late 1962 
through 1977. Ten of the patients in whem resec- 
tion and primary reconstruction were possible 
had squamous cell carcinoma, 9 had adenoid cys- 
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Table 1. Management of Tracheal Tumors at Massachusetis General Hospital? (1962-1977) 


MM E eeen —— Á— d — n'a nna — — HMM À HERREN 


Primary Tumors 


oquamous 
Cell 
Treatment Carcinoma 
Resection and anastomosis 
Trachea 
Cylindrical 8: 
Lateral 0 
Carina 2 
Resection for "staged" 2 
reconstruction 
Laryngotracheal l 
resection 
Exploration only 0 
Irradiation, tracheostomy, 14 


or no treatment 


Adenoid 

Cystic Secondary 

Carcinoma. Other Tumors Total 
3 8 5 24 

0 0 2 Eo 

6 1 1 10 

5 1 2 10 

2 1 6 10 

2 0 1 3 

4 


*The text is primarily concerned with treatment by resection and primary enastomosis. Total experience during this period 


is indicated in the table. 


"The number of secondary tumors involving trachea not treated surgically cannot be stated. 


tic carcinoma, and 9 had other primary tracheal 
tumors. These 9 tumors included 3 carcinoids 
and 1 each of squamous papilloma, carcinosar- 
coma, chondrosarcoma, chondroma, chondro- 
blastoma, and spindle cell sarcoma. Most of the 
patients with squamous cell carcinoma involv- 
ing the carina were not considered to be resect- 
able. Adenoid cystic carcinoma was overall 
more common at the carina. The only other 
primary tumor of the trachea involving the 
carina in this “surgical” group was a malignant 
. carcinoid tumor. The only secondary tumor that 
involved the carina and was selected for resec- 
tion was a recurrent carcinoid adenoma in a left 
main bronchial stump in a patient who had 
undergone pneumonectomy 8 years previously. 
Both lateral resections were for secondary 
tumors, 1 a recurrent carcinoma of the thyroid 
and the other a carcinoma of the esophagus. 
Thus, there were 24 cylindrical resections of the 
trachea, 2 window resections, and 10 resections 
of the carina. 

One patient with a low-grade spindle cell sar- 
coma of atypical variety had undergone bron- 
choscopic resection previously, and a tra- 
cheotomy with local excision and curettage 
of the tumor on two other occasions. One pa- 


tient with adenoid cystic carcinoma of the 
carina had undergone a wedge resection of the 
carina 3 vears before. Another with carcinoid 
adenoma had undergone exploratory tho- 
racotomy in another city. Three patients 
with recurrent thyroid carcinoma invading the 
trachea had undergone partial thyroidectomy 
—] at 1, 1 at 6, and 1 at 13 years prior to the 
recurrence, The last had received more than 
7,000 rads at intervals following the original 
resection because of known residual tumor 
on the trachea. One other patient with squa- 
mous cell carcinoma had received 3,000 rads 
shortly before being referred for surgical 
treatment Two patients with primary cancer of 
esophagus received 4,500 rads as part of a 
treatment program prior to extended resection. 


Methods 

Tumors o the upper half of the trachea are ap- 
proached through an anterior exposure. If the 
tumor is extensive, the patient is positioned 
with the right side of the thorax elevated from 
the surface of the table. The right arm is ab- 
ducted at the shoulder and the elbow is flexed 
to allow for a field that includes the skin from 
the tip of the chin to the lateral costal arch and 
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extends from the posterior axillary line on the 
right to the left anterior axillary line. An inflat- 
able bag is placed beneath the shoulders so that 
reversible hyperextension of the neck may be 
easily obtained. After the neck is extended, the 
table is tilted so that the patient lies with the 
sternum horizontal with the floor. After gentle 
induction of anesthesia without respiratory 
paralysis [4], bronchoscopy is performed if it 
has not previously been done. Biopsy speci- 
mens are obtained for frozen section, if 
histological definition is not already available. 
Biopsies are advisable beyond the visible gross 
limits of adenoid cystic carcinoma since sub- 
mucosal spread is common. Regardless of how 
obstructive a tumor is, a small endotracheal tube 
can usually be passed beside it in the area 
where the tracheal wall is not involved. Such a 
lesion is only rarely circumferential. If neces- 
sary, a bronchoscope may be insinuated as a 
gentle dilator and an airway then passed. Occa- 
sionally, tumors that infiltrate both right and 
left main bronchi may present special prob- 
lems. Careful bronchoscopic removal of part of 
the tumor can provide a tentative airway. In 
general, I try not to disturb the tumor in order 
to avoid troublesome bleeding. If additional 
working space is required, a vertical extension 
is made from the collar incision through the 
upper sternum to a point just below the sternal 
angle. Full sternotomy is very rarely required. If 
carinal mobilization should become necessary, 
the incision can be extended into the right 
fourth interspace through the field described. 
Tumors of the lower half of the trachea and 
carina are best approached through a trans- 
thoracic incision. While benign strictures of the 
lowest part of the trachea may be corrected 


through the anterior approach, the type of dis- . 


section required for total removal of the tumor 
requires a wider exposure. Posterolateral tho- 
racotomy provides much better access than 
does the partial trapdoor incision I initially 
used [5, 12]. In most patients with tumors of the 
lower trachea, the operative field includes the 
neck as well, in case laryngeal release is re- 
quired. The right arm is positioned so that it 
may be swung back and forth in the field. 
Certain problems may require special inci- 
sions or variations. One patient with a large 


tumor at the junction of the carina and left main 
bronchus extending down to the takeoff of the 
left upper lobe bronchus had removal through a 
left thoracotomy with mobilization of the aortic 
arch. Carinal resection and left pneumonec- 
tomy with anastomosis between the right main 
bronchus and the trachea was accomplished 
from the left side. The detailed techniques of 
resection and anastomosis were described pre- 
viously [6—9]. It must be remembered that con- 
siderable mobility of the trachea is obtained by 
cervical flexion, whether the surgeon is operat- 
ing through the cervical, mediastinal, or tho- 
racic route. Especially in young patients, the 
cervical trachea can be delivered into the thorax 
by flexion. The anterior surface of the entire 
trachea is usually exposed. The actual tech- 
nique of dissection, however, depends on the 
conditions of each individual tumor. 

In contrast to the technique for approaching 
benign lesions, dissection for tumor must re- 
main distant from the tumor. Therefore, in 5 
patients with upper tracheal tumors not of thy- 
roid origin, hemithyroidectomy was done. In 1 
of these patients a recurrent nerve was deliber- 
ately sacrificed because of intimate involve- 
ment by the tumor. Two patients with primary 
thyroid lesions underwent thyroidectomy, 
which included sacrificing a paralyzed nerve in 
1 patient and en bloc removal of strap muscles in 
both. In such instances, adjacent lymph nodes 
are removed with the tracheal specimen to an 
extent that must compromise between radical 
removal of all regional nodes and preservation 
of the blood supply of the portion of the airway 
that will remain. Great care must be taken not 
to devascularize the trachea by excessive lateral 
dissection [11, 19]. Also, in contrast with resec- 
tion for benign disease in which the dissection 
is kept close to the trachea and no attempt is 
made to dissect the recurrent nerves out of the 
dense scar surrounding the trachea, in dissec- 
tion for tumor the recurrent nerves are usually 
identified and spared if possible. 

Of the 26 patients in this series undergoing 
either cylindrical resection of the trachea or 
window resection, 9 were operated on through 
the cervical route, 6 through the cervicomedias- 
tinal route, and 11 by the transthoracic route. 
Six patients required cricothyroid anastomoses. 
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Various anterior and lateral portions of cricoid 
cartilage were beveled obliquely for adequate 
margins above tumors located high in the 
trachea. If the recurrent laryngeal nerve is to be 
preserved in such high resections, it must often 
be dissected to its point of entry into the lar- 
"ynx posteriorly. The 10 patients who under- 
went carinal reconstruction were approached 
through the thorax. The degree of intrathoracic 
mobilization accomplished varied with the ex- 
tent of resection. In most instances in which the 


Fig 1. Modes of reconstruction used tn this series. (A) 
Following carinal resection without removal of a long 
segment of trachea, reconstruction was done by trachea 
to bronchial end-to-end anastomosis with lateral im- 
plantation of either the right or the left main bronchus 
into the devolved lower trachea. Three patients 
underwent such reconstructions. (B) Carinal resection 
with a longer tracheal resection was repaired by direct 
suture of the trachea of the right main bronchus with 
anastomosis of the left main bronchus to the bronchus 
intermedius. Two such reconstructions were performed. 
(C) In 1 patient an adenoid cystic carcinoma of the 
tracheobronchial angle extending down to the right 
upper lobe orifice was removed as shown. With plastic 
reconstruction of the tracheal defect, implantation of 
the bronchus intermedius was accomplished. 


transthoracic route was employed, the pulmo- 
nary ligament was divided and some freeing of 
the carina was accomplished. In a number of 
the moze extensive resections, the right hilar 
structures were fully dissected, though care was 
taken to attempt to preserve. bronchial blood 
supply distally. 

Laryngeal release proved to be a useful ad- 
junct in 4 patients. In this series, release was 
required in patients in whom the approach had 
been transthoracic and was accomplished 
through a second independent transverse inci- 
sion high in the neck over the upper larynx. A 
thyrohyaid release was used initially [1]. In the 
latter part of the series a suprahyoid release was 
prefererttially used because of a diminished 
incidence of difficulty in swallowing [15]. 
Laryngeal release is an extremely useful ad- 
junct, but its routine use is unnecessary. 

The effectiveness of resection must be 
checked by frozen section from the margins of 
resection, particularly in the treatment of 
adenoid cystic carcinoma. This may present one 
of the most difficult aspects of this type of sur- 
gery. In a number of the patients in whom 
complex reconstructions were attempted, ex- 
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tended resection was necessitated by the find- 
ing of tumor at initial resection margins. Fur- 
ther resecticn then made it impossible to effect 
primary reconstruction. 

I have found it all but impossible to plan pre- 
cisely the type of reconstruction to employ fol- 
lowing carinal resection. Much depends on the 
exact dispcsition of the resection. Figure 1 
shows several of the reconstructive approaches 
used in this series. Following removal of the 
tumor the surgeon exerts gentle tension 
through lateral traction sutures at all the di- 





vided ends of trachea and bronchi to determine 
which will come together with minimum ten- 
sion. The greatest problem arises when long 
segments of the left main bronchus must be re- 
sected. It may be difficult to bring the remain- 
ing sections across the midline to the airway on 
the right side, especially if a large amount of 
lower trachea has also been resected. I did not 
find it possible in this series to reconstruct the 
carina by suturing the right and left main bron- 
chi together and then advancing the trachea to 
this point. Binding the two main bronchi to- 
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Fig 2. Reconstruction following carinal resection with 
pneumonectomy. (A) Right pneumonectomy. (B) Cari- 
nal resection with anastomosis of the right lung to the 
trachea performed through the right chest. Left 
pneumonectomy was done because the left main bron- 
chus had insufficient length for implantation into the 
reconstructed right-sided airway. (C) Carinal resection 
and left pneumonectomy were necessary because of the 
extent of the tumor. This procedure was done through 
the left chest. (D) ''Carinal" resection for a recurrent 
stump tumor following prior left pneumonectomy for 
carcinoid adenoma. This procedure was performed 
through the right chest while ventilation was main- 
tained in the residual lung. 


gether at such a low level beneath the aortic 
arch usually makes it impossible for the trachea 
to reach, unless only a minimal tracheal resec- 
tion has been done. More often, the trachea is 
devolved to reach the left main bronchus and 
the right bronchus is implanted into the side of 
the trachea. If the major resection is in the lower 
trachea on the right side, the primary end-to- 
end anastomosis is made between the trachea 
and right main bronchus with lateral implanta- 
tion of the unshortened left main bronchus. Al- 
though pneumonectomy (Fig 2) and limited ca- 
rinal resection were accomplished from the left, 


reconstr.-ction with salvage of the lung is dif- 
ficult from the left side when the carina is in- 
volved Eecause of the aortic arch. Even a resec- 
tion of left main bronchus for a mucoepider- 
moid cancer in which the carinal spur had to be 
removed for margin was preferentially done 
through the right chest. 

Lengths of resection for primary reconstruc- 
tion were 2 cm or less in 5 patients, between 2 
and 4 cm. in 20, and between 4 and 6 cm in 7. 
Four of the long resections were in patients 
with carinal tumors. 

The prccedures are carried out under assisted 
ventilaticn, without respiratory paralysis [4]. 
Cardiopt.monary bypass is unnecessary even 
for relatively complex reconstructions. Ín an 
exceedingly complex reconstruction in which 
much manipulation of the right lung is re- 
quired, intrapulmonary hemorrhage is predict- 
able if heparinization is used. Indeed, this oc- 
curred ir. 1 patient with a carinal tumor involv- 
ing the right upper lobe bronchus and with 
compression of the left pulmonary artery by 
tumor, who had undergone left lower lobec- 
tomy preziously. The patient failed to survive 


ur 
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the bypass because of hemorrhage into the re- 
sidual middle and lower lobe on the right. Such 
a.patient would now be handled with double 
intubation of both the right and left main bron- 
chi and alternate ventilation. Bypass was used 
in 1 other patient only for a brief phase of the 
operation when a segment of involved main 
pulmonary artery was excised and repaired. 
After operation the patient is expected to 
breathe spontaneously. Occasionally, a brief 
period of ventilation may be required. Tra- 
cheostomy is usually avoided. Secretions are 
cleared by physiotherapy; flexible bronchos- 
copy may also be used. Raising secretions is 
most difficult in those patients who have 
undergone carinal reconstruction. When la- 
ryngeal compromise results from complex 
upper tracheal reconstruction, a small endo- 
tracheal tube may be necessary for a few days. It 
is placed either with the cuff deflated or in such 
a way that the cuff does not rest on the anas- 
tomosis. The tube is removed as early as possi- 
ble. In those patients who have sufficient 
length of cervical trachea remaining between 
the anastomosis and the innominate artery, a 
tiny tracheostomy tube may be placed for secu- 
rity. If it is thought that a tracheostomy may be 
required because of such transient laryngeal 


compromise and if there is insufficient distance 
between the level of anastomosis and the ster- 
nal notch, tissue is carefully sutured over the 
anastomosis above and over the innominate ar- 
tery below. A small area of the trachea is iden- 
tified for tracheostomy, and the patient is main- 
tained with a small endotracheal tube. After 
four or five days, if the airway is still not ade- 
quate, a small tracheostomy tube can generally 
be safely inserted with very careful technique at 
the predetermined locus. Tracheostomy was 
used in 4 patients in this series. 


Results 

The results in this series must be considered 
predictors. First, the series includes all of my 
experience with tracheal resection and recon- 
struction for tumors. The limits of the field have 
been explored gradually, and some of the op- 
erative and management techniques have 
evolved from the earlier experiences. Second, a 
longer time must pass before a definitive state- 
ment can be made about final results for many 
of the patients (Table 2). 


` Deaths 


There were 5 hospital deaths among the 36 pa- 
tients. All were directly related to the surgical 


Table 2. Results from Primary Resection and Anastomosis of Tumors Involving the Trachea (1962-1977) 


Squamous Adenoid 
Cell Cystic Other Secondary 
Outcome Carcinoma Carcinoma Tumors Tumors 
Postoperative 2 1 d 1 
deaths 
Alive without 13 yr 7 mo 15 yr 1 mo 15 yr 1mo 4 yr 4 mo 
disease 7 yr 7 mo 7 yr 3 mo .8 yr 10 mo 
2yr 5mo 5 yr 8 mo 7 yr 3mo 
1 yr 11 mo 4 yr 3 mo 3 yr 6 mo 
10 mo lyr 5 mo 2yr 9 mo 
1yr3 mo 2yr 5 mo 
1 yr 10 mo 
lyr imo 
Alive with lyr 6mo 5 yr 8 mo 
disease 1 yr 6 mo 
Dead without 2 yr 
disease 
Dead with 2yr 8 mo 8 yr 
disease 6 yr 6 mo 
3 yr 6 mo 
2 yr 


6 mo 
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procedure. Two patients who died had under- 
gone cylindrical resection of the trachea. One of 
them had received high-dosage irradiation 
many years before for residual thyroid car- 
cinoma. The divided trachea necrotized and 
anastomotic separation followed. Attempt at 
resuture and eventually even mediastinal 
tracheostomy failed. Since that time, no other 
patients who have undergone high-dose irradi- 
ation in the remote past have been considered 
candidates for resection. A nonspecific pneu- 
monia and pulmonary insufficiency developed 
in a patient who underwent transthoracic re- 
section of the lower trachea for squamous cell 
carcinoma early in the series. 

Threé patients who underwent carinal recon- 
struction died after the operation. One who ap- 
peared to be doing well died of sudden hemor- 
rhage into the trachea on the tenth postopera- 
tive day. In this patient a pedicled pleural flap 
had not been placed between the suture line 
and the adjacent pulmonary artery as is usually 
done. The presence of a low-grade fever for a 
number of days suggested the possibility of a 
local abscess that eroded into the artery. A 
postmortem examination was not done. An- 
other patient who had undergone extensive ca- 
rinal reconstruction probably had a closure with 
excessive tension. Partial separation and 
pneumonia occurred. The third patient had ex- 
tended resection of the trachea, right main 
bronchus, and most of the left main bronchus 
for adenoid cystic carcinoma. Anastomosis of 
the residual distal stump of the left main bron- 
chus could not be made to the remaining air- 
way on the right, and left pneumonectomy was 
done. Pulmonary insufficiency developed in 
the manipulated right lung. All 3 patients had 
malignant lesions—1 squamous cell carcinoma, 
1 adenoid cystic carcinoma, and 1 invasive and 
metastasizing carcinoid tumor. 


Complications 

The most common complication following the 
procedure was the late appearance of granula- 
tions at the suture line. During the period cov- 
ered by this series, most of the reconstructions 
were done with nonabsorbable sutures. Eight 
of the surviving 31 patients required one or 
more bronchoscopies for removal of granula- 


tions and sutures. In most patients the problem 
was m_nimal and was solved by a single bron- 
choscosy. 

One Datient whose airway had been reduced 
to 3 mm by a slowly growing chondroblastoma 
was operated on at a time when he was still tak- 
ing high doses of prednisone for a mistaken di- 
agnosis of asthma. Partial stenosis of the anas- 
tomosi= developed. At the time of writing, the 
patient was functioning normally except that he 
could rot engage in strenuous exercise. Re- 
resecticn will be done if the symptoms pro- 
gress. Cne patient who underwent extended re- 
section of a supracarinal tumor had a partial 
separation that resulted in stenosis. Re- 
resecticn was done with adjunctive laryngeal 
release. 

Two patients had difficulties with recurrent 
laryngeal nerves. In 1 the right recurrent nerve 
was deliberately sacrificed because of its in- 
volvement in tumor; the left recurrent nerve 
was inedvertently injured. The patient gradu- 
ally reccvered a very satisfactory spoken voice 
and even was able to sing at a later period. A 
second patient had partial removal of the 
cricoid on one side to provide added margin 
above a tumor. A “sluggish” vocal cord re- 
sulted; + was asymptomatic at the time of writ- 
ing. 

One ratient who underwent extensive resec- 
tion of the trachea could swallow only when the 
neck wes in the flexed position. This probably 
results ~om the fact that ordinarily laryngeal 
closure ss obtained when the larynx rises dur- 
ing swe_lowing. If the neck is extended, the 
larynx cennot rise high enough for swallowing 
to occur. 


Survival and Recurrence 

The number of patients in each group is too 
small to predict much about the completeness 
of cure. Of those patients with squamous cell 
carcinoma, 5 are alive and without known dis- 
ease at periods ranging from 10 months to more 
than 13-2 years after operation. Three have 
been fol 5wed for more than 2 years. An addi- 
tional pe-ient had recurrent tracheal disease 11⁄2 
years folbwing resection: This patient also had 
a squamous cell carcinoma on the base of the 
tongue and squamous cell carcinoma of both 
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main bronchi. All tumors have been treated 
with irradiation. Another patient died 2 years 
after operation from either a myocardial infarc- 
tion or a pulmonary embolism without known 
recurrence. One final patient with squamous 
cell carcinoma died of the disease 2 years 8 
months following resection. He had had posi- 
tive lymph nodes at the time of resection and 
received a subsequent course of palliative ir- 
radiation when recurrence was discovered. One 
of the 5 patients without disease received 3,000 
rads preoperatively in another institution, and 
1 was giver: 5,000 rads postoperatively because 
of the closeness of the margins. 

Six patients with adenoid cystic carcinoma are 
living without known disease at periods rang- 
ing from 1 year 3 months to just over 15 years 
following resection. One of these patients was 
| given 5,00€ rads postoperatively because of the 
finding of positive subcarinal lymph nodes. 
Three others were irradiated in the same dose 
range because of the closeness of the resection 
margin to the tumor. Two of these had upper 
tracheal lesions and the third had a carinal le- 
sion. In none of these patients could the resec- 
tion be extended without further drastic losses 
of either larynx or lung. Two additional patients 
are alive 1 year 5 months and 5 years 8 months, 
respectively, following resection. The patient 
with the longer survival was found to have 
bilateral pulmonary metastases a year ago; they 
were surgically cropped. The second patient 
has bony metastases, which have been ir- 
radiated. 

Eight patients who had resections for pri- 
mary tracheal tumors other than squamous cell 
or adenoid cystic carcinoma are living, for pe- 
riods ranging from just over 1 year to just over 
15 years, without known recurrences. The 
tumors involved were 1 squamous papilloma, 2 
carcinoid tumors, 1 carcinosarcoma, 1 spindle 
cell sarcoma, 1 chondroma, 1 chondrosarcoma, 
and 1 chondroblastoma. 

As might be expected, the group with second- 
ary tumors has not done well in terms of cure. A 
patient with carinal recurrence of a carcinoid 
tumor following a left pneumonectomy 8 years 
previously had no residual disease 4 years 4 
months following resection of the lower trachea 
and right main bronchus. Another patient with 


papillary carcinoma of the thyroid invading the 
trachea underwent total thyroidectomy and 
tracheal resection in continuity 10 months be- 
fore this writing and is doing well. Five other 
patients who underwent palliative resection 
died of their disease, however. Palliation was 
obtained for respectable periods in all except 1 
patient who died only 6 months following 
esophagectomy for irradiated esophageal car- 
cinoma with adjacent window resection of 
trachea. He experienced massive gastrointestinal 
bleeding at another hospital. Residual car- 
cinoma was found in the subcarinal lymph 
nodes at postmortem examination. A second 
patient with carcinoma of the upper esophagus 
who had a concurrent resection of the cervical 
trachea following irradiation died of tumor re- 
mote from the operative site 31⁄2 years after re- 
section. Two additional patients operated on 
for recurrent carcinoma of the thyroid obstruct- 
ing the trachea lived for 612. years and & years, 
respectively, following tracheal resection and 
reconstruction. Each of them died of recurrent 
disease—1 of bony and the other of mediastinal 
metastases. 


Laryngotracheal Resection 

and Staged Reconstruction 

The primary purpose of this paper is to discuss 
the management of patients with tracheal 
tumors in whom resection and anastomosis are 
possible. Laryngotrachiectomy was done in a 
few patients whose primary tumors involved 
both trachea and adjacent larynx. One with 
adenoid cystic carcinoma has remained free of 
disease for more than 4 years. In a second, air- 
way palliation has been obtained but metas- 
tases are growing slowly in both lungs. Another 
patient, with squamous cell carcinoma of the 
trachea, had a second primary carcinoma of the 
larynx. Recurrences were treated with radical 
neck dissections later. Ultimately he died of 
hemorrhage from erosion of the aortic arch from 
sepsis around the mediastinal tracheostomy 
site 4 years 8 months after the original opera- 
tion. A fourth patient, with a carcinoma of 
compound histology, died of metastatic disease 
2 years following resection. Variable palliation 
was obtained from similar complex exentera- 
tion procedures in other carcinomas involving 
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the trachea secondarily. These are not discussed 
further here. : 
The attempt to remove the trachea with or 
without the carina in patients who had primary 
tumors so extensive that a primary reconstruc- 
tion could not be done proved to be, in general, 
disastrous. Two patients were operated on in 
this fashion for primary squamous cell car- 
cinoma and 5, for adenoid cystic carcinoma. 
One of the latter procedures was done in a des- 
perate attempt to save a patient who had airway 
obstruction following an unsuccessful resection 
elsewhere. In all of these patients, various types 
of cutaneous interpositions were placed after 
resection of the upper sternum. The attempt 
was made to complete an intrathoracic recon- 
struction in the hope of establishing continuity 
later with the larynx through means of a 
splinted skin tube. Concerning the 2 patients 
with squamous cell carcinoma, 1 died of in- 
nominate artery hemorrhage postoperatively, 
and the other lived for 212 years but could never 
have a skin tube completed because of recur- 
ring stenosis at the lower end. Of the 5 with 
adenoid cystic carcinoma, 1 died following car- 
diopulmonary bypass and 3 died of various 
complications in the postoperative period. The 
other lived for a good many months but needed 
constant attention for a stenosis of one of the 
three anastomoses in the carinal region. Skin 
tube reconstruction was successfully accom- 
plished in 2 patients. One patient had had ne- 
crosis following removal of the lower trachea 
for granular cell tumor, done at another in- 
stitution, and 1 had had removal of a papillary 
carcinoma of the thyroid [5]. This patient had 
recurrent carcinoma 2¥2 years later, but the 
airway had functioned well until then. The first 
patient continued to do well 4% years later. It is 
clear that this type of staged reconstruction car- 
ries too high a risk to be employed electively. 
At the present time, patients with extensive 
disease might better be treated by irradiation or 
even by the attempted use of a prosthetic de- 
vice. It remains difficult to predict the extent of 
resection necessary in advance of the proce- 
dure. Although predictions are generally possi- 
ble for most lesions, they cannot be made for 
adenoid cystic carcinoma. In this lesion, what 


seems io be a grossly clear margin of resection 
is insidious in its microscopic appearance. 


Comment 

We are still in the process of collecting data on 
the most effective way to treat both primary and 
secondary tumors involving the trachea. The 
goal of -he surgeon is twofold: the relief of air- 
way obstruction in the most effective way pos- 
sible azd the achievement of cure. Before the 
methods of extended tracheal resection with re- 
construction were developed, the risks were 
prohibitive and the techniques undependable. 
There a-e still few data on which to base firm 
conclusions. In 1974, Eschapasse [3] published 
a collected series of 152 patients with primary 
tracheal tumors treated by twelve French arid 
two Soviet groups. In this series there were 32 
cylindrical resections of the trachea with pri- 
mary arastomosis and 18 carinal reconstruc- 
tions. Ir this same series, Perelman [3] from 
Moscow reported on 15 cylindrical and 10 cari- 
nal resections: He also performed 3 window re- 
sections and the French groups, 19. There were 
18 eariy postoperative deaths in this series of 
162 operations. The highest mortality was in 
patients with squamous cell carcinoma. The 
long-terzi results were, as expected, best with 
benign tamors and with carcinoid tumors. Pa- 
tients w:th adenoid cystic carcinoma demon- 
strated prolonged survival but also late recur- 
rences. The poorest results were seen in pa- 
tients with squamous cell carcinoma. Pearson 
and associates [17] reported on 14 patients with 
adenoid cystic carcinoma treated by circumfer- 
ential resection of the trachea and on 2 treated 
by latera) resection. Five of the 14 underwent 
primary anastomosis, 6 were treated by 
prosthetic replacement, and 3 were treated by 
laryngctrachiectomy. Eight were alive and free 
of tumor 2 to 18 years later. Houston and co- 
workers [14], reporting a 30-year experience, 
listed 3 patients with squamous cell carcinoma 
who had undergone tracheal resection and 7 
with adenoid cystic carcinoma. Of 5 surgical 
survivors,.3 had had lateral resections, 1 had 
had a laryngotrachiectomy, and only 1 had had 
a segmental resection. Another patient with 
mucoepidermoid carcinoma who underwent 


123 Grillo: Tracheal Tumors 


segmental resection was alive 4% years later. 
There are few additional reports of any large 
number of tracheal tumors treated aggressively 
by surgical means. 

In light of the data available in 1962 and later, 
I believe that squamous cell and adenoid cystic 
carcinoma of the trachea are best resected if it 
appears that a procedure can encompass the 
tumor and still permit primary repair. Irradia- 
tion alone nas rarely given more than 1 to 2 
years of respite in squamous cell carcinoma. It 
has provided 5 to 7 years of remission in 
adenoid cystic carcinoma, but ultimately recur- 
rence seems to be the rule. Since I now have 
followed a number of patients with squamous 
cell carcinoma and adenoid cystic carcinoma of 
the trachea treated by resection who have sur- 
vived for much longer periods without recur- 
rence, I think the possibility of cure by resec- 
tion alone or by resection with irradiation is 
very good. At present, I use the combined 
treatment in patients in whom the margins are 
limited or in whom microscopic tumor is found 
in the margins or lymph nodes. Equally unclear 
is the efficacy of preoperative irradiation. Pear- 
son and co:leagues [17] emploved it on a trial 
basis in the treatment of adenoid cystic car- 
cinoma. 

Surgical resection is clearly the treatment of 
choice for most other primary tumors of the 
trachea, whether benign in character or of 
low-grade malignancy. While I continue to 
think that tracheal reconstruction, because of its 
magnitude and particularly in the carinal re- 
gion, should be restricted in application to sec- 
ondary tumors, it clearly has a place in the pal- 
liation of selected patients. This seems to be 
especially true for slowly growing tumors of the 
thyroid. Although cure is rare, the length of 
remission and the quality of life provided 
seemed to justify this approach. Eschapasse [3] 
presents the view that tracheal resection and 
reconstruction should be done in patients with 
adenoid cystic carcinoma that is locally resect- 
able, even in the presence of pulmonary metas- 
tases. The prolonged course in such patients 
would seem to justify this approach. I prefer not 
to proceed, however, if laryngeal resection is 
required. It remains to be seen whether aggres- 
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sive cropping of pulmonary metastases will 
have value. 

This study points to the following three con- 
clusions: (1) Resection of benign primary 
tumors of the trachea and low-grade malignant 
tumors of the trachea appears to offer excellent 
palliation and high probability of cure. (2) Re- 
section and reconstruction when possible in a 
single stage appear to offer the best palliation 
and chance for cure in squamous cell carc noma 
and adenoid cystic carcinoma of the trachea. 
Adjunctive irradiation is probably indicated. 
(3) Tracheal resection and reconstruction for 
secondary tumors involving the trachea may 
provide good palliation in carefully selected pa- 
tients, chiefly in those with low-grade thyroid 
carcinoma. 
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Discussion 

DR. F. GRIFFITH PEARSON (Toronto, Ont, Canada): We 
have heard a classic paper on primary tumors of the 
trachea. Dr. Grillo's efforts over the years in the field 
of tracheal surgery have made it possible for many of 
us to extend our indications for surgical resection in 
patients with tracheal tumors. As Dr. Grillo stated, 
these tumors are rare and no one individual or in- 
stitution accumulates a very large experience. Dr. 
Grillo has discussed the most extensive group of pa- 
tients managed in a single institution anywhere in 
the world, and I will support the points he has made 
by reviewing briefly our own hospital experience. 
This experience is similar in almost every way to his. 

During a 27-year period we have seen 41 pa- 
tients with primary tracheal tumors, and all but 3 
were malignant. Adenoid cystic carcinoma and 
squamous cell carcinoma were the most common cell 
types. Thirty tracheal resections were done in 29 pa- 

tients, and the types of resection include all of those 
reviewed by Dr. Grillo. In 13 patients, we were able 
to achieve a stage I resection of the trachea with pri- 
mary anastomosis. There were 5 carinal resections 
and 3 tracheal resections that also required laryngec- 
tomy. Two lateral resections were done by Dr. F. G. 
Kergin in the early 1950s. In 7 resections and in com- 
. plex reconstructions we used a prosthesis of heavy 
Marlex mesh. 

It is evident that the operative mortality and mor- 
bidity will be low if a single-stage reconstruction 
with autogenous tissue can be achieved. In the 23 
patients managed by primary reconstruction with 
autogenous tissue, there were no operative or post- 
operative deaths and no major complication de- 
veloped at the site of the anastomosis or reconstruc- 


tion. In stark contrast, 4 of the 7 patients undergoing 
prosthet c reconstruction died after operation of ero- 
sion of the innominate artery by the abrasive, rigid 
prosthesis. Six of these prosthetic reconstructions 
were dcne before 1970, and the seventh was done in 
1977. In zhe latest reconstruction, resection of the en- 
tire trachea and larynx except for about 1 cm of the 
distal trechea was necessary, and we deliberately re- 
sected tre innominate artery at the time of operation 
to avoid the complication of tracheoinnominate 
fistula. 

Of special interest to us is the group of 19 patients 
who underwent segmental resection of the trachea 
for adenoid cystic carcinoma. There was an unusual 
preponderance of this cell type in our series. Nine of 
these 19 patients are dead. There were 4 operative 
deaths because of tracheoinnominate fistula follow- 
ing prosthetic reconstruction. Three patients died of 
local recurrence, but it should be noted that pallia- 
tion was achieved for noteworthy periods of time, 
death occurring 2, 4, and 81/5 years after resection. 
One patent died of cerebral metastases 14 months 
after resection of the primary tumor, and 1 patient 
died of heart disease 12 years following resection and 
was clin:cally free of recurrent tumor at that time. 
Ten of the 19 patients with adenoid cystic carcinoma 
are still living. Nine are clinically free of disease, 
with verr long periods of survival in some instances, 
and 1 is alive 6 years after resection with bilateral 
pulmonary metastases. Although a chest roentgeno- 
gram of this patient shows a veritable snowstorm on 
both sides, she is asymptomatic. Those of us who 
have seen this type of metastatic disease with 
adenoid cystic carcinoma recognize the very slow 
progress that occurs when the lung is involved. 

I agair emphasize the observations and conclu- 
sions thet Dr. Grillo has made. Nearly all primary 
tumors o the trachea are malignant, adenoid cystic 
carcinoma and squamous cell carcinoma are the most 
common cell types, and, if they can be resected and 
reconstructed primarily, there is a very reasonable 
prospect for long-term survival with a low operative 
mortalitv and postoperative morbidity. 


DR. ROBERT JENSIK (Chicago, IL): Dr. Grillo is to be 
commenced on this superb series of patients, and I 
offer my personal congratulations for the results he 
has achieved in some of the very long resections. 
Our series at Rush-Presbyterian-St. Luke's Medical 
Center is more modest. It consisted of 5 tracheal re- 
sections; 1 for mucoepidermoid carcinoma, 1 for 
fibrous hastiocytoma, and 3 for adenoid cystic car- 
cinoma. 

All pat.ents survived resection and anastomosis. 
However the 18-year and 14-year survivors who had 
adenoid cystic carcinoma support the overall good 
prognosis in this pathological group as described by 
Dr. Grillc and by Dr. Pearson. 
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Our most recent resection was an adenoid cystic 
lesion involving approximately 6 cm of trachea ex- 
tending upward from the carina. Despite laryngeal 


release and right hilar mobilization, it was impossi- 


ble to approximate the membranous portion of the 
trachea. 

The cartilaginous portion was approximated and 
an endotracheal tube was advanced into the left main 
bronchus. We used a pericardial graft, which mea- 
sured 21/2 by 5 cm. The graft was approximated to the 
posterior defect and was sutured superiorly, laterally 
to either side of the trachea, and inferiorly. 

I would like to ask Dr. Grillo if he has ever utilized 
free pericardial grafts in this fashion. 


DR. HAWLEY H. SEILER (Tampa, FL): I thought it 
would be of some interest to report the long-term 
survival of a patient with malignant sarcoma involv- 
ing the cervical trachea and the technique used in the 
pre-Grillo era. Twenty-five years ago, in January, 
1953, I saw a 3-year-old girl with severe stridor. Im- 
mediate tracheostomy was required as a lifesaving 
procedure. We then were able to establish a diag- 
nosis and subsequently proceed with excision of the 
entire cervical trachea. We used as a replacement a 
Gebauer dermal graft, which was in vogue at that 
time, especially in certain bronchoplastic proce- 
dures. 

As expected, the graft became stenosed, and for 
several years it was necessary to dilate it periodically. 
When the family moved to the Chicago area, the pa- 
tient was seen by Dr. Paul Hollinger, an outstanding 
bronchoesophagologist. He continued dilatation for 
another 4 or 5 years. Eventually, the patient recov- 


ered completely and has remained well, with no evi- 
dence of recurrence of the sarcoma. 


DR. GRILLO: Dr. Pearson presented some extraordi- 
narily interesting data. I wish he would present them 
as a paper in more detail. His comment about the 
patient with asymptomatic adenoid cystic pulmo- 
nary metastases is of interest. Dr. Eschapasse from 
Toulouse has proposed that we should resect the 
trachea for adenoid cystic carcinoma even in patients 
with pulmonary metastases. 1 have not resected the 
primary tumor in 2 patients with pulmonary metas- 
tases since both would have required laryngotra- 
cheoectomy. This seemed a little drastic for pallia- 
tion only. 

In patients in whom margins are close or nodes are 
positive, | use postoperative irradiation. Later, one 
such patient had bilateral pulmonary metastases. His 
surgeon in Ohio did a bilateral thoracotomy and re- 
moved the metastases. Presently, the patient is free 
of metastases, but they may recur. 

I shall be very interested to see the results of pre- 
operative irradiation, but it will take many years to 
collect comparative series at the low incidence rate. 
None of 4 patients with adenoid cystic carcinoma 
irradiated after operation have had local recurrence 
to date. I think 3 out of 5 with squamous cell lesions 
had recurrence. 

Dr. Jensik, in answer to your question, I have not 
used pericardium to reconstruct the trachea. Many 
years ago a surgeon in our hospital used pericardium 
to reinforce a Marlex mesh patch after lateral resec- 
tion. It worked beautifully initially, but the tumor 
recurred locally in about 2 years. 


Experimental Evaluation 


of Reexpansion Pulmonary Edema 


Robert W. Sewell, M.D., Ionen Fewel, B.A., Fredetick L. Grover, M.D., 


and Kit V. Arom, M.D. 


ABSTRACT Reexpansion pulmonary edema fol- 
lowing pneumothorax is clinically uncommon but 
occasionally life threatening. This study documents 
the functional and anatomical abnormalities that 
occur when a collapsed lung is reexpanded. Right 
pneumothorax was created through open tube 
thoracostomy in 30 goats. The animals were divided 
into six groups by duration of pneumothorax (24, 48, 
or 72 hours) and technique of reexpansion (waterseal 
vs 10 cm H,O suction). Arterial blood gases and 
alveolar-arterial oxygen tension difference (A-aDo,) 
were analyzed before pneumothorax and after reex- 
pansion. Each lung was reexpanded for 2 hours, 
chest roentgenograms were obtained, and both lungs 
were removed. The left lung served as the control. 
Both lungs were checked for surfactant activity and 
pulmonary extravascular water volume (PEWV). 
Light and electron microscopy were also performed. 
Anatomical and functional changes were present in 
the reexpanded lung after relief of pneumothorax. 
Both increased time of collapse and suction reexpan- 
sion tended to correlate with increased PEWV, de- 
creased surfactant and arterial PO;, and increased 
A-aDo,,. 


The treatment of pneumothorax by methods 
that rapidly reexpand the lung may result 
unexpectedly in life-threatening pulmonary 
edema. Carlson and co-workers [5] described 
this unusual complication in 1958. Since then, 
12 additional cases have been reported, includ- 
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ing 1 of our own 16, 11, 18, 20, 21, 25, 26, 28]. 
There hzve been 2 deaths from acute respiratory 
insufficiency secondary to this form of unilat- 
eral pulr-onary edema. 


Case Rezort 

A 28-yez--old man was seen with a six-day his- 
tory of cyspnea and right chest pain. Findings 
on physical examination were consistent with 
right preumothorax, and a chest roentgeno- 
gram corfirmed total collapse of the right lung 
(Fig 1A)..An intercostal catheter was inserted 
and placzd on 20 cm HO suction. Immediately, 
the patient had a coughing paroxysm that pro- 
duced moderate amounts of mucoid sputum. 
Over the next 2 hours hypotension and severe 
respirato-y distress developed. A roentgenogram 
demonstrated massive unilateral pulmonary 
edema with partial recollapse of the lung (Fig 
1B). The hypotension responded quickly to 
intraven-us administration of colloid, but me- 
chanical 7entilation was necessary for the next 
36 hours because of hypoxemia. Over the next 
ten days fhe pulmonary edema resolved and the 
lung expanded. The patient had been without 
sequelae for 18 months at the time of writing. 


There zre several theories on the mechanism 
of this form of pulmonary edema. The factors 
thought t>o play a role are (1) the use of excessive 
suction tor reexpansion, (2) decreased surfac- 
tant activity, and (3) extended duration of com- 
plete ate 2ctasis. Since the severe form of pul- 
monary edema is encountered only rarely, there 
has been little stimulation to find an exact 
mechanism. Having experienced such a dra- 
matic event in 1 of our patients, we resolved to 
examine -he etiology experimentally. 


Materials and Methods 

Thirty adult female Spanish goats, averag- 
ing 26.1 kg in weight, underwent right 
pneumothorax through open tube thoracos- 
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Fig 1. (A) Aamission roentgenogram shows total col- 
lapse of the right lung. (B) Massive unilateral pulmo- 
nary edema with partial collapse of the right lung is re- 
vealed in this chest roentgenogram made 2 hours after 
insertion of the chest tube. 


tomy. Each goat was given acepromazine 
maleate, 3 mg per kilogram of body weight. 
Then an open-end 18F Malecot catheter was 
introduced into the right pleural space, 
and a chest roentgenogram verified complete 
pneumothorax. Arterial blood samples were ob- 
tained both before and after collapse by per- 
cutaneous puncture of the carotid artery. The 
animals were divided into six groups of 5 each 
according to the duration of pneumothorax (24, 
48, or 72 hours) and the method of reexpansion 
(10 cm H,O suction or underwater seal). After 
the collapse period, each lung was reexpanded 
by connecting the chest tube to a closed drain- 
age unit, either with or without suction. Imme- 
diately prior to reexpansion, complete collapse 
was again documented by chest roentgenogram 
and an arterial blood sample was obtained. 
During the reexpansion period acepromazine 
maleate was used for sedation. 

A final roentgenogram and arterial blood 
sample were obtained after 2 hours of reexpan- 
sion. The chest tube was then clamped and the 
animal anesthetized with Sodium Nembutal 
(pentobarbital), 30 mg per kilogram of body 
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weight. Ventilation was controlled with a Bird 
Mark VII ventilator connected to an endo- 
tracheal tube. The pressure in the ventilator sys- 
tem was not allowed to exceed 20 cm H,O. Each 
goat was placed in the supine position and a 
median sternotomy was performed, exposing 
both lungs. The inferior pulmonary ligaments 
were incised, and umbilical tapes were passed 
around each hilum. The tapes were tied simul- 
taneously to occlude all hilar structures com- 
pletely. The time from initiation of anesthesia 
to occlusion of both lungs did not exceed seven 
minutes. The animals were then killed by an 
intraventricular injection of 10 ml of potassium 
chloride. Both lungs were transected proximal 
to the umbilical tapes. Throughout the experi- 
ment, the left (uncollapsed) lung served as the 
control. | 
Quantitative measurements of pulmonary ex- 
travascular water volume (PEWV) were made 
using a modification of the postmortem 
gravimetric method of Pearce and associates 
[8, 15, 23]. A 100-gm sample of lung was 
homogenized along with 100 gm of distilled 
water. Ten milliliters of the homogenate was 
weighed to obtain the specific gravity, and the 
remainder of the homogenate was centrifuged 
for 1 hour at 30,000 g and 4°C. Hemoglobin 
concentrations were determined on eight sepa- 
rate samples of the supernatant using the cya- 
nomethemoglobin method. The entire homog- 
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enate was recovered and dried at 85°C for 
48 hours. The sample was allowed to cool and 
the dry weight measured. A 10-ml sample of 
peripheral venous blood was also measured 
for specific gravity, hemoglobin concentration, 
and dry weight. The following formulas [15] 
were used to calculate pulmonary blood weight 
(PBW) and PEWV. 


PBW = Hgb concentration of homogenate x 


Hgb concentration of blood 


PEWV = Weight of lung — PBW — [Dry weight of lung — | 


Surfactant activity was tested using the bub- 
ble stability method described by Pattle and as- 
sociates [14]. Polaroid micrographs of the sus- 
pended bubble preparations were obtained at 
zero and twenty minutes for each lung. The 
bubble stability ratio (BSR) was calculated by 
measuring the diameters of a minimum of 15 
bubbles in each photomicrograph and using 
the formula: 


BSR = > squares of the diameters at 20 min 


> squares of the diameters at 0 min 


The arterial blood samples were analyzed 
for Pos, Pco,, and pH on an Instrumentation 
Laboratory blood gas analyzer system, and 
the aveolar-arterial oxygen tension difference 
(A-aDo,) was computed on each sample. 

Small portions of each lung were fixed in 1096 
formaldehyde and stained with hematoxylin 
and eosin for light microscopy. Two percent 
glutaraldehyde was used to fix each specimen 
for electron microscopy. 


Results 
A]l animals tolerated the collapsed lung very 
well, and at no time was there any roentgeno- 
graphic evidence of major distortion of the 
mediastinum. 

Following reexpansion of the right lung, 
there were minimal roentgenographic changes 
consistent with pulmonary edema. Gross in- 


*Pulmonary hemoglobin correction factor. 


opecific gravity of homogenate 


spection -evealed edematous fluid in the major 
bronchi and small bronchioles only in the 
group of lungs that had been collapsed for 72 
hours and reexpanded with suction. 

Althoczh all groups showed an increase in 
measurec PEWV (4.7 to 6.2 ml/100 ml) com- 
pared with the control lung, there was no statis- 
tical difizrence between any of the groups ex- 


Specific gravity of blood x 1.055* 


Dry weight of blood 

Wet ACE of blood, ^ PBW) 

cept at 72 hours with suction reexpansion, 
when PEWV was 11.3 ml/100 ml (p < 0.01) (Fig 
2). 

Decrezsed levels of pulmonary surfactant as 
measurec. by the bubble stability method were 
seen in tze collapsed lung (p < 0.05 to p < 0.01) 
except in the 24-hour and 72-hour waterseal 
groups. The mean decrease of the BSR ranged 
from 0.05 in the 24-hour waterseal group to 0.14 
in the 4&-hour suction group. The change in 
BSR in the 72-hour group, however, was less 
than the 48-hour group (Fig 3). 

The most sensitive indicators of pulmonary 
edema in this study were arterial Po, and 
A-aDo, measured 2 hours after reexpansion. 
Major changes in these two factors were noted 
even with small increases in PEWV. The 
changes =n arterial Po, (before pneumothorax vs 
after reexpansion) in the suction groups varied 
directly with duration of collapse. The maxi- 
mum mean drop of 20.5 torr was at 72 hours. 
Decrease: in Po, were significantly smaller 
in the -aterseal groups, and no statistical 
difference was demonstrated between any of 
these norsuction groups (Fig 4). 

As wih Po, measurements, changes in 
A-aDog, were noted in all groups, the duration 
of collapse again being the most important 
factor. T-e largest increase in a-aDo, was in 
the 72-hour suction group (18.8 mm Hg), 
with significantly smaller increases in the 
waterseal groups (Fig 5). 

Light microscopical findings were consistent 
with the gross appearance of the lungs. The 
only group that showed intraalveolar edema 
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Fig 2. Changes in measured pulmonary extravascular 
water volume (PEWV) of all groups. Note that the 72- 
hour suction reexpansion group has a major increase in 
PEWV of 11.3 ml/100 ml. 
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Fig 3. Changes in bubble stability ratio (BSR). The sur- 
factant activity was decreased in all groups, but the de- 
crease in the 72-hour group was significantly less than 
the 48-hour group. This is most likely due to the dilu- 
tion of surface active material by the edematous fluid. 
There was no statistical difference between the size of 
initial bubbles in. various experiments. 


was the 72-hour suction group. In the lungs in 
this group there was no evidence of disruption 
of normal lung architecture; however, patchy 
microatelectasis was seen. 

Electron microscopy revealed some interest- 
ing changes not visible by light microscopy. 
The basement membranes were obviously thick- 
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Fig 4. Changes in arterial Po, before pneumothorax and 
after reexpansion in all groups. The maximum mean 
drop of 20.5 torr was noticed at 72 hours in the 
suction-reexpansion group. 
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Fig 5. Changes in alveolar-arterial oxygen tension dif- 
ference (A-aDo,) before pneumothorax and after reex- 
pansion in all groups. Note the high A-aDo, difference 
in the 48- and 72-hour suction reexpansion groups. 


ened, and there was no interstitial edema de- 
spite extensive intraalveolar fluid (Fig 6). 
Again, these changes were found only in the 
72-hour suction reexpansion group. 


Comment 

This experiment deals with the problem of 
pneumothorax and the pulmonary edema that 
may result from reexpansion of the lung. While 
very few cases of this complication have been 
reported, it is probable that mild degrees of 
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Fig 6. (A) Electron micrograph of the control lung show- 
ing normal basement membrane (BM) and interstitium 
(IN) and no edematous fluid in the alveoli (AV). (B) 
Electron micrograph of a lung from the 72-hour suction 
reexpansion group showing thickening of the basement 
membrane, alveolar edema, and no edema in the inter- 
stitial tissue. (Original magnification X2,400.) 


edema occur frequently. It also is reasonable to 
assume that the etiology is the same as that of 
reexpansion pulmonary edema following the 
rapid removal of a large pleural effusion [26]. 
This phenomenon was first described by 
Pinault [16] in 1853 in a patient who had 3 liters 
of fluid removed rapidly by thoracentesis. In 
1901 Riesman [19] published a review outlining 
the clinical signs. He noted that the problem 
seldom occurred unless at least 2 liters of fluid 
was rapidly removed. He also recognized that a 
symptom-free period of several minutes to a 
few hours usually preceded the onset of copious 
sputum production and respiratory distress. In 
most instances the symptoms cleared rapidly; 
however, on occasion they lasted as long as 24 
to 48 hours. Finally, he noted that the cause of 
death in patients who died of this problem was 
acute obstructive respiratory insufficiency sec- 
ondary to massive unilateral pulmonary edema. 
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In 1875 Foucart [10] proposed a mechanism 
for reexpansion pulmonary edema. He believed 
that during the period of collapse, the lung was 
subjected to anoxic injury sufficient to damage 
the pulmonary capillaries, thus increasing their 
permeability. After this insult, fluid could 
rapidly move into the interstitial and alveolar 
spaces when the lung was reexpanded. The au- 
toregulatory mechanisms of the pulmonary cir- 
culation provide for total, or near total, cessa- 
tion of pulmonary blood flow during periods of 
atelectasis [2]. It is this loss of pulmonary flow 
that is thought to provide the anoxic insult 
[7]. This theory was supported by Humphreys 
and Berne [11], Carlson [5], Ratliff [18], and 
Odelowo |13] and their associates with re- 
spect to reexpansion pulmonary edema after 
pneumothorax. They pointed out that both 
Barach and colleagues [1] and Warren and as- 
sociates [27] had shown that even a short period 
of anoxia increases capillary permeability. 
Humphreys and Berne [11] also were aware that 
rapid reexpansion of a collapsed lung results in 
an increase in pulmonary capillary perfusion 
pressure and pulmonary blood flow. These fac- 
tors aid in the movement of fluid from the capil- 
laries into the interstitial and alveolar spaces 
[22]. 
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Sutnick and Soloff [24] demonstrated that sur- 
factant activity in the atelectatic lung was mark- 
edly lower than that of the normal lung. This 
finding is confirmed by our data. They ob- 
served a gradual increase in surface tension 
with duration of collapse. Trapnell and Thurston 
[25] and Sautter and associates [21] suggested 
that reexpansion pulmonary edema was caused 
by loss of surfactant activity. With the resultant 
high surface tension, the lung tends to recol- 
lapse, requiring greater than normal negative 
intrapleural pressures to maintain expansion. 
This tendency to recollapse has been docu- 
mented in patients following rapid removal of a 
chronic pneumothorax [3, 5, 18, 19]. We 
likewise observed recollapse in our patient as 
noted in Figure 1. Pattle and co-workers [14] 
obtained these findings experimentally and 
demonstrated that low levels of pulmonary sur- 
factant resulted in movement of fluid into reex- 
panded alveoli. 

In our experimental model we noted impor- 
tant decreases in surfactant activity in all col- 
lapsed lungs. The decrease in surfactant activity 
in the 72-hour group, however, was less than 
expected and could be related to the dilution of 
surface active material by the pulmonary ex- 
travascular lung water. Dilution is greater in the 
72-hour group than in the other groups. 

Ziskind [28] and Childress [6] and their as- 
sociates believed that the application of exces- 
sive intrathoracic suction was a major cause of 
pulmonary edema. However, suction was used 
in only 6 of 17 reported cases of reexpansion 
pulmonary edema following pneumothorax. 
Miller [12] demonstrated that suction was nec- 
essary to produce pulmonary edema in pri- 
mates with total pneumothorax of three days’ 
duration. However, extremely high negative in- 
trapleural pressures (100 mm Hg or 135 cm 
H,O suction) were used for reexpansion. 
Carlson and co-workers [5] were able to demon- 
strate pulmonary edema in rabbits following 
reexpansion of a pneumothorax with syringe 
aspiration. Our results document these 
findings, in that significant increases in PEWV 
were seen in both the waterseal and the suction 
groups. Also, the increase in PEWV in each 
group is statistically correlated (by regression 
analysis) with the increase in A-aDo, dif- 
ferences. It must be pointed out, though, that 


the greatest change in PEWV was in the 72-hour 
suction reexpansion group. 

We have shown in this experiment that uni- 
lateral pulmonary edema following reexpansion 
of a chronic pneumothorax is associated with 
several factors. The duration of collapse of the 
lung is of primary importance. When collapse 
was present for less than 72 hours, the mea- 
sured increase in pulmonary extravascular 
water volume remained small. This may explain 
why the complication is not encountered more 
frequently. In his series of 376 spontaneous 
pneumothoraces in 307 patients, Brooks [4] re- 
ported that 70% of the patients sought medical 
attention within the first 24 hours and only 10% 
consulted a physician one week or more after 
the apparent onset of symptoms. Thus, most 
patients are treated before important changes 
occur in the microphysiology of the lung. 

We also demonstrated that changes occurred 
in the alveolar-capillary basement membrane 
after 72 hours of collapse, rendering it more 
permeable. This injury probably is a direct result 
of anoxia since pulmonary circulation as well as 
ventilation is interrupted in atelectatic areas. The 
abrupt reestablishment of circulation into a 
damaged capillary bed results in dislocation of 
fluid into the alveolar spaces. Pulmonary edema 
may result from catheter drainage, either with 
or without suction, as in our experiment, or 
with needle aspiration alone. The important 
factor is the removal of large volumes of air or 
fluid in a short period. 

The natural formation of high negative in- 
trapleural pressure in the acutely expanded 
lung provides an additional mechanism by 
which protein-rich fluid leaves the vascular 
space. Negative intrapleural pressures occur 
due to low levels of surfactant, with resultant 
high alveolar surface tension, causing a ten- 
dency to recollapse [14, 17]. The combination of 
the greater than normal capillary permeability 
and the increased negative intrathoracic pres- 
sure results in rapid transudation of fluid out of 
the capillaries. 

The use of additional suction in reexpanding 
the lung with the resultant increase in negative 
intrapleural pressure presumably caused a rise 
in the mean capillary flow and perfusion pres- 
sure within that lung. This may have contrib- 
uted to an increase in filtration pressure and 
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fluid transudation in our experiment but is not 
always present in clinically significant reexpan- 
sion pulmonary edema. 

Treatment must be based on the degree of 
respiratory embarrassment. Stabilization of the 
pulmonary capillary membrane may be aided 
by the use of intravenous steroids. The admin- 
istration of colloid solutions and diuretics may 
also retard edema accumulation [19]. In severe 
cases the use of continuous positive airway 
pressure may offset the effects of high alveolar 
surface tension by helping to reverse the trans- 
capillary movement of fluid [9]. 

Prevention is the most effective means of 
dealing with this problem. Delays in reexpan- 
sion beyond three days should be avoided 
when possible. However, patients seen with a 
chronically collapsed lung can be treated safely 
by aspiration or catheter drainage if large vol- 
umes are not removed rapidly. Frequent aspira- 
tions of small amounts of air or fluid over a 24- 
or 48-hour period should provide satisfactory 
reexpansion without pulmonary edema. 
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Effects of Pulsatile Assistance 
and Nonpulsatile Flow on Subendocardial 
Perfusion During Cardiopulmonary Bypass 


David L. Steed, M.D., David M. Follette, M.D., Robert Foglia, M.D., 
James V. Maloney, M.D., and Gerald D. Buckberg, M.D. 


ABSTRACT We compared the effects of pulsatile 
and nonpulsatile perfusion in 12 dogs on extracor- 
poreal circulation. In beating empty and fibrillating 
hearts at 37° and 28°C, coronary blood flow was mea- 
sured by flowmeter and microspheres at diastolic 
pressures ranging between 50 and 130 mm Hg. 

At fixed systemic flow rates (range, 600 to 2,400 
ml/min), pulsatile perfusion produced a transient (3 
to 4 second) augmentation of diastolic pressure and 
then resulted in the following: (1) decreased periph- 
eral vascular resistance (p < 0.05); 2) unchanged 
peak diastolic pressure (compared with nonpulsatile 
perfusion); (3) decreased mean aortic pressure (6 to 
37%) (p « 0.05); (4) decreased coronary blood flow 
(10 to 4596) (p « 0.05); and (5) decreased suben- 
docardial blood flow (from 512 to 438 ml/100 gm/min) 
(p « 0.05). Pulsatile perfusion in beating hearts (37° 
or 28°C) did not reduce subendocardial vascular re- 
sistance, but did improve subendocardial perfusion 
by 27% and 36% in fibrillating hearts at 37° and 
28°C, respectively. 

We conclude that with the exception of ventricular 
fibrillation, pulsatile assistance offers no advantage 
over nonpulsatile perfusion and has the potential 
disadvantage of requiring higher pump flow rates to 
achieve any desired level of coronary and suben- 
docardial flow. 


Extracorporeal circulation with nonpulsatile 
perfusion is somewhat unphysiological in that 
it disrupts the normal pattern of blood flow to 
most organs. The importance of providing pul- 
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satile perfusion is evident from reports show- 
ing that pulsatile extracorporeal circulation 
decreases peripheral vascular resistance, im- 
proves total body lactate metabolism, decreases 
edema, increases oxygen consumption, and, 
enhances perfusion to the brain, lung, and kid- 
ney [2, 3, 7, 11, 13, 14, 16, 17]. The heart is 
somewhat unique, however, in that it always 
receives.pulsatile perfusion while it beats, even 
during extracorporeal circulation with nonpul- 
satile systemic blood flow. The only reported 
advantage on coronary blood flow of pulsatile 
perfusion during cardiopulmonary bypass has 
been with induced ventricular fibrillation, 
when the normal pulsatile characteristics of 
coronary blood flow were interrupted [8, 10]. 

The nonischemic heart has the ability to ad- 
just its blood flow by autoregulation to match 
metabolic requirements. In the present study, 
we tested the effects of pulsatile and nonpul- 
satile perfusion on total and regional blood flow 
to the left ventricle in the presence of maximum 
coronary vasodilatation in order to simulate the 
conditions prevalent during ischemia, when 
optimum blood flow is essential. 


Materials and Methods 

Twelve adult mongrel dogs weighing 17 to 24 
kg were premedicated with intramuscular mor- 
phine sulfate (2 mg per kilogram of body 
weight) and anesthetized with phamytol (10 
mg/kg) and a-chloralose (75 mg/kg). Following 
endotracheal intubation, the dogs were placed 
on a pressure-controlled respirator. Using a 
median sternotomy, polyethylene catheters 
were placed in the proximal aorta, left atrium, 
and inferior vena cava for monitoring pres- 
sures, collecting blood samples, and giving in- 
fusion. A distal segment of the left anterior de- 
scending coronary artery was dissected and an 
electromagnetic flowmeter transducer (Statham 
Instruments, Inc) was positioned on the artery. 
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After systemic heparinization, the arterial in- 


fusion line of the cardiopulmonary bypass cir-. 


cuit was placed into the ascending aorta 
through the subclavian artery. An Avco pul- 
satile bypass pump was positioned in the arte- 
rial line 6 cm from the arterial cannula. The pul- 
satile device was capable of delivering a pulse 
pressure up to 60 mm Hg. 

Venous return cannulas were placed in the 

superior and inferior vena cava through the 
right atrium. Total cardiopulmonary bypass 
was instituted by diverting venous return into a 
circuit containing a heat exchanger and a bub- 
ble oxygenator (Optiflo). Total cardiopulmo- 
nary bypass was assured by venting the left and 
right ventricles. Heart rate was not controlled. 
Arterial blood pressure was controlled by ad- 
justing systemic flow rate. Hematocrit was 31 + 
2%, and blood pH was maintained at 7.4 at 
37°C and at 7.6 at 28°C [9]. Intramyocardial 
temperature was measured with a thermistor 
probe (Yellow Springs Instruments, Inc), 
which was placed into the left ventricular free 
wall. Systemic temperature was measured with 
an esophageal temperature probe. A 30-gauge 
needle was placed into the left anterior de- 
scending coronary artery proximal to the 
flowmeter transducer for infusion of adenosine 
(8 mg/ml) to abolish vasomotor tone. The com- 
pleteness of vasodilatation was validated by 
demonstrating that 30-second pinch occlusion 
of the coronary artery did not cause reactive 
hyperemia. 
. All measurements of coronary flow were 
made after maximum coronary vasodilatation 
was achieved with adenosine infusion. We 
produced maximum dilatation to simulate con- 
ditions occurring with severe ischemia and to 
avoid the effects of autoregulation. Minimum 
coronary vascular resistance was calculated 
from the equation Rmin = CP/CDF, where CP 
(coronary driving pressure) = aortic diastolic 
pressure — left atrial pressure and CDF = end- 
diastolic coronary flow. 

Total and regional coronary blood flow was 
measured by injecting radioactive micro- 
spheres (iodine 125, cerium 141, strontium 85, 
and scandium 46) into the arterial perfusion 
cannula and simultaneously collecting reference 
samples from the ascending aorta. At the con- 


clusion cf the experiment, the dogs were killed 
by intracardiac injection of magnesium sulfate. 
The hearts were removed, and the left ventricu- 
lar free wall was divided into epicardial, mid- 
myocardial, and endocardial muscle layers of 
equal thickness. Tissue samples were placed 
into vials and counted by gamma spectrometry, 
and regional flow was calculated by a modifica- 
tion of ine method of Rudolph and Heymann 
[1]. 

Data were analyzed with each dog serving as 
its own control. By Student paired t test, p < 
0.05 indicated statistical significance. Values 
are expressed as. t standard error of the mean. 

The ef=ects of pulsatile and nonpulsatile per- 
fusion in the beating empty and fibrillating 
hearts at 37° and 28°C were assessed in two 
ways. (1) Systemic flow rate was varied from 
600 to 2,400 ml/min and the effects of pulsatile 
and nonpulsatile perfusion on mean aortic 
pressure and on phasic and mean coronary 
blood flow were compared. We studied both 
the beating and fibrillating heart at 37° and 
28°C. Ventricular fibrillation was induced by 
the brief application of a 60-cycle alternating 
current stimulus, and ventricles were allowed 
to fibrilate spontaneously. (2) Mean aortic 
pressure was varied between 50 and 130 mm Hg 
by adjusting the extracorporeal flow rate in 
beating and fibrillating hearts at 37° and 28°C. 
At a fixed mean aortic pressure (mean aortic 
diastolic pressure with pulsatile perfusion), we 
compared the effects of pulsatile and nonpul- 
satile perfusion on mean and phasic coronary 
blood flow and recorded the extracorporeal flow 
rate required to achieve a fixed perfusion pres- 
sure with both forms of perfusion. 

All regional flow measurements were made at 
80 mm Eg mean aortic perfusion pressure with 
nonpulsatile perfusion and at 80 mm Hg mean 
aortic diastolic pressure with pulsatile perfu- 
sion. Activation of the pulsatile bypass pump 
did not change heart rate. 


Results 


Aortic Pressure 

At fixed. systemic flow rates, conversion from 
nonpulsetile.to pulsatile perfusion produced a 
transient augmentation of diastolic pressure 
(Fig 1). However, within 3 to 6 seconds, pe- 
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Fig 1. Phasic aortic blood pressure (BP) after instituting 
the pulsatile bypass pump at a fixed systemic flow rate 
(see text for description). 
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Fig 2. Mean extracorporeal flow rate versus mean aortic 
blood pressure (Ao). Systemic vascular resistance is 
lower with pulsatile perfusion and a higher extracor- 


poreal flow rate is needed to maintain a mean aortic 
pressure wizh pulsatile perfusion. 


ripheral vascular resistance decreased and peak 
diastolic pressure fell to a level that approxi- 
mately equaled the mean aortic pressure pres- 
ent with nonpulsatile perfusion. This systemic 
vascular response of lowering peripheral resis- 
tance to maintain a constant peak pressure oc- 
curred at extracorporeal flow rates ranging from 
600 to 2,490 ml/min. 

Consequently, a higher extracorporeal tlow 
rate was required with pulsatile perfusion than 
with nonpulsatile perfusion to maintain any 
desired level of aortic pressure. Aortic pulse 
pressure widened progressively as systemic 
flow rate was raised and pulsatile perfusion was 
begun. This resulted in a progressive lowering 
of mean aortic pressure and required increasing 
levels of extracorporeal flow to maintain a con- 
stant mean aortic pressure (Fig 2). To sustain 
mean aortic pressure at 50 mm Hg, a 6% aug- 
mentation of systemic flow was necessary. To 
keep mean aortic pressure at 130 mm Hg, how- 
ever, extracorporeal flow had to be increased 
3796. Mean aortic pressure was, therefore, al- 
ways higher with nonpulsatile than with pul- 


Table 1. The Relationship between Mean Aortic 
Pressure and Extracorporeal Flow 


Extracorporeal Flow 


Mean Aortic (ml/min) 


Pressure Percent 
(mm Hg) Nonpulsatile Pulsatile Change? 
50 695 + 36 735 Ł 34 6 
80 926+ 49 1,183 + 29 28 
130 1,750 +100 2,400 +107 37 


"Difference between nonpulsatile and pulsatile flow rates. 
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Fig 3. Coronary blood flow (flowmeter) versus extracor- 
poreal flow rate. Coronary flow is less with pulsatile 


than with nonpulsatile perfusion at a fixed extracor- 
poreal flow rate. - | 


satile perfusion, and the effect was most pro- 
nounced at the higher extracorporeal flow rates 
(Table 1). 


Beating Heart 

MEAN CORONARY ARTERY FLOW. At a fixed 
extracorporeal flow rate, at 37° and 28°C, con- 
version from nonpulsatile to pulsatile perfusion 
resulted in a fall in mean coronary artery flow. 
The reduction in coronary perfusion paralleled 
the lowering of mean perfusion pressure seen 
in Figure 1. Consequently, mean coronary 
blood flow was always lower with pulsatile per- 
fusion at any systemic flow rate (Fig 3). To 
achieve comparable levels of coronary blood 
flow, it would have been necessary to augment 
the extracorporeal flow rate when systemic flow 
was delivered in a pulsatile manner. The degree 
of required augmentation would have’ been 
substantially greater, 42%, at high systemic 
flow rates (1,600 ml/min) than at low systemic 
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Fig 4. Phasic coronary blood flow (CBF) in a beating 
empty heart during pulsatile and nonpulsatile perfusion 
at a fixed systemic flow rate. Note the prominent retro- 
grade systolic flow during pulsatile perfusion. 


flow rates (800 ml/min), when only a 1696 flow 
increase was necessary. 

PHASIC CORONARY ARTERY FLOW. Coronary 
blood flow always occurred in a phasic manner 
in the beating empty heart and was predomi- 
nantly diastolic with both modes of perfusion at 
37° and 28°C. Mean diastolic flow was relatively 
comparable with pulsatile and nonpulsatile per- 
fusion, but a larger amount of retrograde sys- 
tolic flow occurred with pulsatile perfusion as 
aortic pressure fell during balloon deflation 
(Fig 4). 

During nonpulsatile perfusion at both 37° 
and 28°C, 12% of flow was retrograde during 
ventricular contraction (systole). Pulsatile per- 
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900 1100 
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Fig 5. Phaxc coronary blood flow (CBF) in a beating 
empty heat during pulsatile and nonpulsatile perfusion 
when the eztracorporeal flow rate is increased to 
equalize tie mean aortic pressure (see text for descrip- 
Hon). . 


fusion produced a slight augmentation of dias- 
tolic flow but was associated with a more pro- 
nounced increase, 21%, in retrograde systolic 
flow, which accounted, in part, for the fall in 
mean flow. This lowering of mean flow due to 
retrograde systolic flow was reduced by raising 
the systemic flow rate so as to make mean aortic 
diastolic pressure during pulsatile perfusion 
equal mezn perfusion pressure during nonpul- 
satile perfusion (Fig 5). 

REGIONAL FLOW. At 80 mm Hg perfusion 
pressure, mean flow to the left ventricular free 
wall was comparable with nonpulsatile and 
pulsatile 2erfusion at both 37? and 28°C (Table 
2). Subendocardial blood flow at 80 mm Hg 


Table 2. Nonpulsatile and Pulsatile Values in the Empty Beating -eart 


and during Ventricular Fibrillation at 37? and 28°C 


Beating Empty (37°C) 


Factor Nonpulsatile 

LV subendocardial flow 5I2 E I7 
(m1/100 gm/min) 

LV subendocardial resistance 0.156 + 0.005 
(mm Hg: min: 100 gm/ml) 

Retrograde systolic flow (96) 12 


Beating Empty (28°C) 


LV subendocardial flow 249 +9 
(ml/100 gm/min) 

LV subendocardial resistance 0.321 + 0.012 
(mm Hg: min: 100 gm/ml) 

Retrograde systolic flow (96) 12 32 


LV = left ventricular. 


Fibrillation (37°C) 


Pulsatile Nonpulsatile Pulsatile 
438 + 31 461 + 34 586 + 82 
(0.182 +0.13 0.173 + 0.013. 0.137 + 0.019 
21 £1 0 0 


Fibrillation (28°C) 


295 t 21 300 + 44 407 + 24 
0.315 + 0.026 0.267 + 0.039 0.197 + 0.012 
2] +2 0 0 
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Fig 6. Left ventricular subendocardial blood flow during 
pulsatile and nonpulsatile perfusion at 37° and 28°C at 
80 mm Hg and with administration of adenosine. 
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Fig 7. Phasic coronary blood flow (CBF) in a fibrillating 
heart at 37°C with pulsatile and nonpulsatile perfusion. 
The extracorporeal flow rate has been increased to 
equalize mean aortic pressure. Note the absence of 
prominent retrograde systolic flow during pulsatile per- 
fusion in the. fibrillating heart. 


perfusion pressure was, however, reduced 14% 
(p < 0.05) when perfusion was delivered in a 
pulsatile fashion at 37°C (Fig 6). This preferen- 
tial lowering of subendocardial flow did not oc- 
cur when pulsatile perfusion was used in beat- 
ing empty hearts at 28°C. 

VENTRICULAR FIBRILLATION. At 37°C, con- 
version from the beating empty heart to ven- 
tricular fibzillation reduced coronary blood flow 
50% (p < 0.05) at mean aortic pressures ranging 
from 70 to 110 mm Hg (see Table 2). Institution 
of pulsatile perfusion during ventricular fibril- 
lation produced a 20% (p < 0.05) rise in mean 
coronary blood flow. The prominent retrograde 
systolic flow that characterized pulsatile perfu- 
sion of the beating empty heart did not occur in 
fibrillating hearts; this absence of retrograde 
systolic flow accounted for the increase in mean 
coronary blood flow (Fig 7). The flow augmen- 


tation resulting from pulsatile perfusion during 
ventricular fibrillation was most striking in the 
subendocardial muscle, in which flow in- 
creased 27% in contrast to the 14% reduction 
occurring in beating hearts (see Table 2). The 
reduction in mean coronary blood flow caused 
by ventricular fibrillation was less pronounced 
at 28°C (37%) because cold hearts fibrillated less 
vigorously. As with normothermic fibrillation, 
institution of pulsatile perfusion increased flow 
to the subendocardial muscle substantially 
(36%). 


Comment 

This study demonstrated that left ventricular 
subendocardial muscle perfusion during car- 
diopulmonary bypass, which occurs normally 
in pulsatile fashion in beating hearts, is not im- 
proved when systemic perfusate is delivered by 
a pulsatile extracorporeal assist device rather 
than by a conventional roller pump. The failure 
of pulsatile extracorporeal circulation to im- 
prove total and regional flow in beating hearts 
does not contradict the reported benefits of pul- 
satile flow in other organs—brain [11, 17], kid- 
ney [16], lung [2]—but rather emphasizes the 
natural adaptation of the heart to ensure opti- 
mal pulsatile perfusion while it beats and while 
systemic flow is delivered in a nonpulsatile 
manner with a roller pump. The importance of 
the pulsatile characteristics of subendocardial 
perfusion is emphasized further by the im- 
provement observed when pulsatile perfusion 
is delivered to hearts fibrillated during car- 
diopulmonary bypass [8, 10, 12]. Induced ven- 
tricular fibrillation is, however, an unphysio- 
logical condition that impairs subendocardial 
perfusion [4-6]. We believe the technique 
should not be used during clinical extracor- 
poreal circulation. 

Normally, coronary flow is maintained at a 
level sufficient to deliver enough oxygen to 
match myocardial metabolic demands by the 
process of autoregulation; the coronary arteries 
dilate if oxygen requirements increase or if per- 
fusion pressure is lowered. When the coronary 
vessels become dilated maximally (as occurs 
with ischemia), blood flow is determined by 
the coronary perfusion pressure. We would ex- 
pect, therefore, that the maximum benefits 
derived from different methods of systemic 
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perfusate delivery (pulsatile vs nonpulsatile) 
would be seen when coronary vascular tone 
is abolished pharmacologically (adenosine) to 
simulate more closely the conditions occurring 
in the ischemic myocardium. 

One of the primary benefits reported from 
pulsatile extracorporeal circulation is a lowering 
of systemic vascular resistance [3, 14] and a cor- 
responding increase in organ blood flow. The 
reduction in vascular resistance caused by de- 
livering the systemic perfusate in pulsatile fash- 
ion was evident in each of our experiments; 
systemic vascular resistance decreased to main- 
tain a constant peak aortic pressure when we 
converted from nonpulsatile to pulsatile flow. 
This systemic vascular response presumably re- 
flected an intact carotid sinus mechanism and 
resulted in a constant peak aortic diastolic pres- 
sure and a lowering of mean aortic pressure at 
any fixed systemic flow rate (see Fig 2). This 
lowering of vascular resistance would certainly 
improve perfusion to all organs in which vascu- 
lar resistance is high. However, the associated 
lowering of mean aortic pressure would natu- 
rally lead to reduced blood flow to organs in 
which maximum dilatation is already present. 

In our study, dogs lowered their systemic 
vascular resistance within 3 to 6 seconds after 
initiation of pulsatile extracorporeal circulation 
(see Fig 1). The magnitude of pulse pressure 
and extent of reduction in vascular resistance 
were highest at the greatest extracorporeal flow 
rates. Consequently, the widest pulse pressures 
were associated with the greatest reduction of 
mean aortic pressures; peak diastolic pressure 
was maintained by the baroreceptor reflex. 
Since our experiments were conducted under 
conditions -of maximum coronary dilatation 
(adenosine), it is not surprising that coronary 
blood flow fell progressively as pulse pressure 
was widened while. systemic flow rate re- 
mained fixed. It was necessary to increase the 
extracorporeal flow rate in order to achieve the 
same mean coronary blood flow with pulsatile 
as with nonpulsatile perfusion (see Fig 3). This 
effect was evident at 37° and 28°C as mean aortic 
pressure was made to range between 50 and 130 
mm Hg- _ * 

At fixed systemic flow rates,.we found that 
peak diastolic flow was comparable with pul- 


satile ard nonpulsatile perfusion, but that the 
reduction in aortic pressure accompanying bal- 
loon deflation was associated with a fall in sys- 
tolic flow and accounted for the lowered coro- 
nary flaw. We could, however, compensate for 
this sor-ewhat by increasing the extracorporeal 
flow rate to make mean diastolic pressure dur- 
ing pulsatile perfusion equal to mean perfusion 
pressure during nonpulsatile perfusion. This 6 
to 37% augmentation of extracorporeal flow rate 
may, under certain conditions, causé increased 
blood trauma (due to the roller pump itself). 
In bezting hearts, we found that transmural 
vascular resistance was comparable to pul- 
satile and nonpulsatile perfusion and that 
transmural flow was comparable when we fixed 
mean acrtic and diastolic pressures at similar 
levels. At 37°C, however, subendocardial mus- 
cle received slightly less flow (14%) with pul- 
satile than with nonpulsatile perfusion when 
perfusion pressure was kept at 80 mm Hg. We 
suspect -hat the reduced subendocardial perfu- 
sion caused by normothermic pulsatile perfu- 
sion was related to the prominent retrograde 
flow the: always accompanied balloon deflation 
during ventricular systole. Retrograde flow oc- 
curred i5 a greater extent with pulsatile than 
with nonpulsatile perfusion since the opposi- 
tion to retrograde flow (coronary and acrtic sys- 
tolic pressure) was lower. Some of the increased 
diastolic flow with pulsatile perfusion was 
used, therefore, to refill capacitance vessels that 
had emotied during the preceding systole. 
Consequently, a portion of the diastclic flow 
was not nutritive and was unavailable for use in 
perfusion of the subendocardial muscle. These 
minor differences in subendocardial nutritional 
flow during pulsatile and nonpulsatile perfu- 
sion did not occurrin beating hearts at 28°C. 
Previous work in our laboratory has shown 
that placing the heart on extracorporeal circula- 
tion with the left ventricle vented results in an 
increase in both left ventricular transmural and 
subendozardial resistance.* We suspect that 
this is related to a geometric phenomenon: the 
vessels supplying subendocardial muscle be- 
come distorted whenever ventricular volume is 


*Steed D, Follette D, Foglia R, et al: Unavoidable suben- 
docardial tnderperfusion during extracorporeal circulation. 
In preparation, 1977. : € l 
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reduced [15] by venting. We have found that a 
further increase in resistance occurs as myocar- 
dial temperature is reduced to 28°C. This was 
demonstrated in the present study, which 
showed a 106% rise in subendocardial vascular 
resistance during hypothermia (see Table 2, Fig 
6). 

We had hoped that pulsatile perfusion would 
overcome this obligatory rise in subendocardial 
resistance by enhancing the opening of vessels 
closed by muscular distortion. The resuits of the 
present study showed surprisingly little dif- 
ference in transmural subendocardial resistance 
with pulsatile perfusion of beating hearts at 
normothermia and hypothermia. Pulsatile per- 
fusion did, however, improve subendocardial 
blood flow when hearts were fibrillated on car- 
diopulmonary bypass. 

Our findings would certainly support the re- 
cent studies of others suggesting that there is an 
advantage to pulsatile perfusion if it is used 
during ventricular fibrillation [8, 10, 12]. Fibril- 
lation itself, however, produces a substantial 
rise in transmural and subendocardial vascular 
resistance (see Table 2) as a continual level of 
intramural tension develops in the left ventricu- 
lar myocardium, which impedes perfusion. The 
fibrillating heart cannot relax intermittently and 
allow unobstructed diastolic coronary blood 
flow. The advantages of pulsatile over nonpul- 
satile perfusion during fibrillation may be that 
the prominent retrograde systolic flow that ac- 
companies balloon deflation and ventricular 
contraction in beating hearts is not present dur- 
ing ventricular fibrillation (see Fig 7). Con- 
sequently, blood is not wrung out of the heart 
during systole and subsequent forward flaw is 
not wasted in refilling the capacitance vessels. 

The advantages of providing pulsatile perfu- 
sion to fibrillating hearts, at both normother- 
mia and hypothermia, is likely offset by the in- 
ability of that flow to provide sufficient oxygen 
to meet the metabolic demands of ventricular 
fibrillation [4-6]. The failure of pulsatile perfu- 
sion to ccunteract completely the disacvantages 
of ventricular fibrillation is evident from the 
clinical studies of Pappas and associates [10] 
showing that lactate production (evidence of 
anaerobic metabolism) is reduced but not 
avoided by pulsatile perfusion; persistent lac- 


tate production is clear evidence of inability to 
pertuse fibrillating hearts adequately. Ischemic 
fibrillation is more problematic in patients with 
coronary disease, in whom the high perfusion 
pressure cannot be fully delivered to the distal 
myocardium because of the presence of prox- 
imal coronary stenoses. 

V/e conclude that with the exception of ven- 
tricular fibrillation, pulsatile perfusion offers no 
advantage over nonpulsatile perfusion in either 
the normothermic or the hypothermic heart and 
has the potential disadvantage of requiring a 
higher extracorporeal flow rate to achieve any 
desired level of coronary and subendocardial 
flow. 


Re-erences 


1. Buckberg GD, Fixler DE, Archie JP, et al: Experi- 
mental subendocardial ischemia in dogs. with 
normal coronary arteries. Circ Res 30:67, 1972 

2. Clarke CP, Kahn DR, Dufek JH, et al: The effects 
of nonpulsatile blood flow on canine lungs. Ann 
Thorac Surg 6:450, 1968 

3. Dunn F, Kirsh MM, Harness J, et al: Hemo- 
dynamic, metabolic, and hematologic effects 
of pulsatile cardiopulmonary bypass. } Thorac 
Cardiovasc Surg 68:139, 1974 

4. Hottenrott C, Buckberg G: Studies of the effects of 
ventricular fibrillation on the adequacy of re- 
gional myocardial flow: II. Effects of ventricular 
distention. ] Thorac Cardiovasc Surg 68:626, 1974 

5. Hottenrott C, Maloney JV, Buckberg G: Studies of 
the effects of ventricular fibrillation on the ade- 
quacy of regional myocardial flow: I. Electrical vs. 
spontaneous fibrillation. J Thorac Cardiovasc 
Surg 68:615, 1974 

6. Hottenrott C, Maloney JV, Buckberg G: Studies of 
the effects of ventricular fibrillation on the ade- 
quacy of regional myocardial flow: II. Mecha- 
nisms of ischemia. J Thorac Cardiovasc Surg 
68:634, 1974 

7. Jacobs LA, Klopp EH, Seamone W, et al: Im- 
proved organ function during cardiac bypass 
with a roller pump modified to deliver pulsatile 
flow. J Thorac Cardiovasc Surg 58:703, 1969 

8. Maddoux G, Pappas G, Jenkins M, et al: Effect 
of pulsatile and nonpulsatile flow during car- 
diopulmonary bypass on left ventricular ejection 
fraction early after aortocoronary bypass surgery. 
Am ] Cardiol 37:1000, 1976 S 

9. McConnell DH, White F, Nelson RL, et al: The 
importance of alkalosis in maintenance of “ideal” 
blood pH during hypothermia. Surg Forum 
26:263, 1975 . i | 

10. Pappas G, Winter SD, Kopriva C], et al: Im- 
provement of myocardial and other vital organ 


140 The Annals of Thoracic Surgery Vol 26 No 2 August 1978 


functions and metabolism with a simple method 
of pulsatile flow (IABP) during clinical car- 
diopulmonary bypass. Surgery 77:34, 1975 

11. Sanderson J, Wright G, Sims EW: Brain damage 
in dogs immediately following pulsatile and 
nonpulsatile blood flows in extracorporeal cir- 
culation. Thorax 27:275, 1972 

12. Schaff HV, Ciardullo RC, Flaherty JT, et al: Re- 
gional ischemia distal to a critical coronary 
stenosis during prolonged fibrillation—im- 
provement with pulsatile perfusion. Circula- 
tion 56:Part 2:Suppl 3:11-25, 1977 

13. Shepard RB, Kirklin]W: Relation of pulsatile flow 
to oxygen consumption and other variables dur- 
ing cardiopulmonary bypass. ] Thorac Cardiovasc 
Surg 58:694, 1969 

14. Trinkle JK, Helton NE, Wood RE, et al: Metabolic 
comparison of a new pulsatile pump and a roller 
pump for cardiopulmonary bypass. J Thorac Car- 
diovasc Surg 58:562, 1969 

15. Utley JR, Michalsky GB, Mobin-Uddin K, et al: 
Subendocardial vascular distortion at small ven- 
tricular volumes. ] Surg Res 17:114, 1974 

16. Wilkens DVM, Regelson W, Hoffmeister F5: The 
physiologic importance of pulsatile blood flow. N 
Engl ] Med 267:443, 1962 

17. Wright G, Sanderson ]M: Brain damage and mor- 
tality in dogs following pulsatile and nonpulsatile 
blood flows in extracorporeal circulation. Thorax 
27:738, 1972 


Discussion 

DR. WILLIAM Y. MOORES (Mill Valley, CA): The au- 
thors have attempted to determine if pulsatile flow 
during extracorporeal perfusion has substantial ef- 
fects on subendocardial flow. Their findings are es- 
sentially consistent with those that we presented at 
this meeting last year and more recently at the Surgi- 
cal Forum in October. 

Using à perfused swine heart model, we have con- 
tinued to substantiate the fact that pulsatile perfu- 
sion plays no role in determining coronary blood 
flow dynamics if the heart is allowed to beat. 
Pressure-flow tracings show that during continuous 
perfusion there is excellent pulsatile ‘low in the coro- 
nary bed, even with continuous flow in the aortic 
root, if the heart is allowed to beat with or without 
pressure or volume work or both. 

The crucial question arises when the heart is per- 
fused during ventricular fibrillation. The most 
marked detrimental physiological consequences of 
fibrillation have been seen in hypertrophied hearts. 
However, we have demonstrated deterioration in the 
myocardial functional response in normal hearts as 
well when continuous flow is used. 

Our data relative to myocardial function show 
preservation of stroke volume in the beating heart 
regardless of the perfusion modality. However, 


stroke vcume decreases by approximately 25% 
when the tibrillating heart is continuously perfused. 
The au:-ors found a slight but noteworthy increase 
in subencocardial flow during pulsatile perfusion of 
the fibrillating heart. We also found a change in the 
endocardizl/epicardial flow ratio following pulsatile 
and contimuous perfusion. However, it is important 
to note t*at in our study, total coronary flow rose 
substantizly during bypass under both perfusion 
conditions and that even with a reduced endo- 
cardiallepicardial flow ratio, actual subendocardial 
flow increased under both perfusion conditions. 

The aufhors' conclusion that pulsatile perfusion 
has a lim:ted role in determining coronary flow 
dynamics I5 again consistent with the conclusion we 
presented at this meeting last year. I believe, how- 
ever, that this conclusion must be regarded with 
some cauton. The study reported today, as well as 
our own work, has examined the physiological situa- 
tion in nozmal hearts, a situation not often encoun- 
tered in clinical practice. Other investigators, includ- 
ing Dr. Vimcent Gott, who discussed our paper last 
year, have substantiated marked beneficial effects 
when pulsatile perfusion is used in hearts com- 
promised -y ischemia. 

Finally, .f a clinician is to make an intelligent 
choice on whether to use standard continuous perfu- 
sion or pc-satile perfusion with its increased com- 
plexity enc. expense, he must individualize his clini- 
cal situaticn and base his decision on factors such as 
the severizy of myocardial disease, the expected 
length of t-e procedure, the anticipated use of elec- 
tive fibrillstion, and the condition of other major 
organ sys:zms for which the value of an artificially 
maintainec. pulse pressure is less controversial. 


DR. DAVID 3REGMAN (New York, NY): Dr. Steed and 
his colleag..es have presented data from their study 
on the use of a pulsatile flow device in 12 canine 
preparaticrs with maximal coronary dilatation on 
total cardic»ulmonary bypass. The data suggest a de- 
crease in mean aortic pressure and coronary blood 
flow wita p 1ilsatile perfusion. These data are in direct 
contrast tc our laboratory and clinical experience 
with the p. Isatile assist device, a device different, I 
believe, froin the one used by the authors. 

When measurements are made in an animal on 
total cardi-pulmonary bypass with a flow probe 
around the left anterior descending coronary artery, 
mean aort:c pressure does not fall, and coronary 
blood flovr is increased significantly with pulsatile 
flow with mo change in bypass flow. 

In the clinical setting there is also no change in 
blood press are with the onset of pulsatile flow with a 
constant, Lachanging flow from the roller pump. 
Coronarv graft flow measurements in 60 patients 
confirmed a uniform increase in coronary blood flow 
of 2196. 
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Our clinical experience with pulsatile flow now en- 
compasses more than 400 patients, and we can say 
with certainty that the observations noted by Dr. 
Steed and his colleagues have not occurred in our 
experience. Factors contributing to Dr. Steed’s ob- 
servations could be withdrawal of unusually high 
sympathetic tone in the dog preparation, an inherent 
problem with the device, or retrograde flow through 
a nonocclusive roller pump. 


DR. JOHN HINES KENNEDY (Gates Mills, OH): I com- 
mend Dr. Steed and his colleagues for this interest- 
ing paper. I think the UCLA group has contributed 
much in the past two decades to our understanding 
of the physiology of the perioperative period. One 
reason for the differences of opinion regarding the 
relative benefits between pulsatile and nonpulsatile 
flow as far as the heart is concerned is that we tend to 
use the term pulsatile as an expression of uniform 
dimension. 

I refer to the baroreceptor system shown in Dr. 
Steed’s first slide. Since the system is asymmetrical 
in response—it is more sensitive to stretch than to 
relaxation—it depends a great deal on what the pres- 
sure pulse wave form looks like to the peripheral 
circulation and to those systems that maintain circula- 
tory homeostasis. The fact that one group of inves- 
tigators obtains one set of data when using pulsatile 
bypass and another group obtains a different set is 
related in part, perhaps, to the discrete differences in 
pressure pulse profile in the two groups. 


DR. JOHN MORAN (Maywood, IL): I would like to ask 
Dr. Steed an obvious question. Was the pulsatile 
flow always done in synchrony with the beating 
heart or was it sometimes in competition? 

Also the heart rate in the slides was very rapid, 
about 140. I wonder if counterpulsation can be ex- 
pected to be effective at such high rates. 


DR. STEED: Dr. Moores, thank you for your support- 
ing comments. 

Dr. Bregman, we agree that pulsatile perfusion 
provides better subendocardial flow than nonpul- 
satile perfusion if ventricular fibrillation is used. 
However, we do not consider ventricular fibrillation 
a safe technique and do not use it. We have no ready 
explanation for your failure to see the normal 
baroreceptor response, which was evident in our 
studies, but we suggest three possibilities. (1) Clini- 
cally used anesthetic drugs may blunt the response. 
(2) Patients may receive other drugs that may also 
blunt the response but were not used in our experi- 
mental work. In your experimental studies, for 
example, you administered very high doses of pro- 
pranolol, which may have interfered with the normal 
vasodilatation response initiated by the carotid 
sinus. (3) Patients with atherosclerosis may have dis- 
ease of the carotid sinus, which could interfere witha 
normal baroreceptor mechanism. 

Our studies certainly support the concept that pul- 
satile perfusion improves organ blood flow by lower- 
ing peripheral vascular resistance. Mean arterial 
pressure fell when we fixed systemic flow rate and 
delivered that flow in pulsatile fashion. We cannot 
explain why your patients did not exhibit a lower 
peripheral vascular resistance with pulsatile perfu- 
sion since you state that the same mean arterial pres- 
sure was maintained when you converted the pul- 
satile flow. 

Dr. Kennedy, I agree with your comments about 
the baroreceptor, and this is a possibility. 

Finally, we did not attempt to control heart rate in 
our studies, and it ranged between 90 and 140 beats 
per minute. I might add that dogs do have a higher 
heart rate in response to exercise than man. We have 
observed rates up to 280 beats per minute when dogs 
are subjected to treadmill testing. Our pulsatile assist 
device was gaited to the electrocardiogram and as- 
sisted only in diastole. 
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of Annuloaortic Ectasia with Composite 
Grafts Including Homologous Dura Mater Valves 


Renato K. Kalil, M.D., Paulo C. Azambuja, M.D., V--tor E. Bertoletti, M.D., 
Fernando A. Lucchese, M.D., Paulo R. Prates, M.D., and Ivo A. Nesralla, M.D. 


ABSTRACT We describe 3 patients in whom a 
composite dura mater valve-Dacron tube graft was 
used for replacement of the entire ascending aorta 
and aortic valve. Two patients had Marfan's syn- 
drome and 1, a chronic aortic dissection, type II. AH 
had severe aortic regurgitation. There were no early 
or late deaths in a follow-up period of 2, 7, and 12 
months, respectively. All 3 patients were asymptom- 
atic when last seen. Two underwent postoperative 
aortography that disclosed well-functioning valves 
and good filling of the coronary arteries. 

It is concluded that annuloaortic ectasia is best 
treated by the technique of total replacement of the 
ascending aorta and aortic valve by a composite 
valve-tube graft, and that the homologous dura 
mater valve, for its characteristics of central flow, lack 
of need for anticoagulants, and durability, represents 
a reasonable alternative for use in this situation. 


Replacement of the ascending aorta and aortic 
valve was reported by Wheat in 1964 [16]. It 
has received wide acceptance since Bentall and 
DeBono [2] described their technique in 1968. 
Earlier papers reported the use of a Starr- 
Edwards aortic valve within the graft. More re- 
cently, it has been suggested that a ‘’central- 
flow" tilting-disc prosthesis would be more 
suitable since the ball-valve prosthesis might 
not allow adequate flow around the ball at the 
distal end of the cage [4]. This is especially true 
when a large prosthesis is needed, a common 
situation in patients with annuloaortic ectasia. 
For whatever reason, the Bjórk-Shiley tilting- 
disc aortic prosthesis has become the prosthesis 
of choice of some surgeons [4, 9, 10]. 
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The hcmologous dura mater cardiac valve has 
been in -linical use since 1971 [12], with good 
results tc date. It is now the first choice in a 
valve replacement procedure in many centers. 
We have replaced the ascending aorta and aor- 
tic valve with a composite valve—prosthetic 
tube gratt in 3 patients with annuloaortic ec- 
tasia. W2 used an homologous dura mater 
valve. | | 


Material and Methods 

From April, 1976, to May, 1977, 3 patients were 
operatec. on for total replacement of the aortic 
valve and ascending aorta, with end-to-side 
implantation of the coronary ostia on the graft. 
Two had Marfan's syndrome and the other, a 
chronic =ortic dissection of DeBakey type II [5] 
with severe aortic regurgitation. The operative 
technique was that described by Bentall and 
DeBono 2] with a few modifications. 


Patient - 

A 44-year-old man was admitted in April, 1976, 
with the complaint of dyspnea on exertion. He 
had the classic stigmata of Marfan's syndrome. 
The clinical diagnosis was severe aortic regur- 
gitation, aneurysm of the ascending aorta, 
and left ventricular hypertrophy. The chest 
roentgepogram is shown in Figure 1A. He was 
classified in New York Heart Association 
(NYHA: Functional Class III. At operation a 
large anzurysm was found, limited to the prox- 
imal po—ion of the ascending aorta up to 2 cm 
below tre brachiocephalic trunk. The coronary 
ostia were displaced, and the aortic valve was 
severely incompetent due to annulus dilatation 
with near normal cusps. The aneurysm wall 
was thi- and attenuated, but without dissec- 
tion. F:istological examination revealed the 
characte-istic findings of cystic medial necrosis. 
The operation was performed as described later 
in this -eport. The postoperative period was 
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A 


Fig 1. (A) Preoperative chest roentgenogram of Patient 
1. (B) Chest roentgenogram made 6 months after opera- 
Hon. 


complicated by hemorrhage that led to reopera- 
tion, several episodes of ventricular tachy- 
cardia, cerebral edema, and coma. The patient 
eventually recovered with mild sequelae related 
to the left arm. He was discharged on the 
thirty-eighth postoperative day and was re- 
viewed clinically after 6 months (Fig 1B). One 
year later an aortogram revealed a normally 
functioning aortic prosthesis and good filling of 
both coronary arteries. He was taking digitalis 
but had no symptoms related to the cardiovas- 
cular system. 


Patient 2 

A 36-year-old man, the brother of Patient 1, was 
admitted in December, 1976. He complained of 
progressing dyspnea and episodes of paroxys- 
mal nocturnal dyspnea. He also had the charac- 
teristic stigmata of Marfan's syndrome. Clinical 
diagnosis was severe aortic regurgitation and 
ascending aortic aneurysm. Left ventricular 
hypertrophy and hypocontractility, left atrial 
enlargement, and roentgenographic signs of 
congestive heart failure were evident. The mi- 
tral valve was competent. Operative findings 





were very similar to those described for Patient 
1, and the operation was performed in the same 
manner. Histological examination of the aneu- 
rysm wall revealed cystic medial necrosis. The 
postoperative period was uneventful except for 
some electrical instability with two episodes of 
ventricular tachycardia, which were adequately 
treated and reverted. The patient was dis- 
charged on the fourteenth postoperative day on 
a regimen of digitalis and diuretics. Seven 
months later, he was asymptomatic and living a 
normal life. 


Patient 3 

A 46-year-old man was admitted in May, 
1977, with a short-term history of precordial 
pain, palpitations, and progressing dyspnea. 
He was in NYHA Functional Class IIl. The 
diagnosis was severe aortic insufficiency and 
ascending aortic aneurysm, with left atrial en- 
largement, left ventricular hypertrophy, left an- 
terior hemiblock on the vectorcardiogram, and 
upper lobe blood diversion on roentgenogram. 
The mitral valve was normal. At operation, per- 
formed as in Patient 1, a chronic dissecting aneu- 
rysm of DeBakey type II was found. The aortic 
valve was grossly incompetent due to a dilat- 
ed annulus, but had otherwise normal cusps. 
The coronary ostia were neither displaced nor 
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Fig 2. (Patient 3.) Postoperative aortogram. The tube 
graft is in the ascending aorta, both coronary arteries 
are well seen, and the aortic valve prosthesis is compe- 
tent. 


dissected. Macroscopically, several points of in- 
timal tear were evident, as were fibrosis and 
endothelialization of the ruptured areas. Elastic 
degeneration and dissection of the media were 
noted at histological examination. The patient 
had an uneventful postoperative course and 
was discharged on the eighth postoperative 
day. An aortogram taken 1 month later (Fig 2) 
demonstrated a well-functioning aortic pros- 
thesis and normal filling of both coronary ar- 
teries. Two months after the operation, the pa- 
tient was asymptomatic and taking digitalis, 
and had returned to work. 


Operative Technique 

While the thoracotomy is being made, a homol- 
ogous dura mater cardiac valve of 22 mm (frame 
diameter) is sutured at the end of a 30 mm 
woven Dacron tube (Fig 3). The valve has been 
preserved in glycerin and sterilized with anti- 
biotic solution. The heart is exposed and the 
venae cavae are cannulated for cardiopulmo- 
nary bypass. Arterial cannulation is performed 
through the right femoral artery. Cardiopulmo- 
nary bypass is established using a Temptrol 


Model Q200A bubble oxygenator with mild 
hypothermia (28°C). The aorta is cross- 
clamped, and a sump is inserted into the left 
ventricle through an opening adjacent to the in- 
teratrial septum, between the upper and lower 
right pulmonary veins. A continuous drip of 
4°C normal saline solution is started [3, 15] and, 
throughout the procedure, several endocavitary 
baths of cold saline are given. Cardiac arrest for 
Patients 1, 2, and 3 lasted 86, 89, and 92 min- 
utes, respectively. The aorta is opened lon- 
gitudinally and the composite Dacron graft in- 
serted. It is sutured at the aortic annulus with 
2-0 Mersilene mattress suture, at the coronary 
ostia by continuous 5-0 Prolene suture, and at 
the graft’s distal end by continuous 4-0 Prolene 
suture. A needle vent is placed in the aorta be- 
tween the clamp and the graft and is connected 
to a cardiotomy reservoir. The aorta is then 
slowly unclamped, and gross leaks through the 
suture lines are sought and corrected. The left 
removed and the air 
Heart 
beats are recovered by electrical defibrillation, 


ventricular vent is 
evacuated from the cardiac chambers. 


and the aortotomy is closed over the graft with 
continuous suture of 4-0 Prolene. The aortic su- 
ture over the graft was anchored with strips of 
Teflon felt only in Patient 3. The patient is re- 
warmed and cardiopulmonary bypass discon- 
tinued. After hemostasis has been achieved, 
the chest wall is closed and a mediastinal drain 
is connected to continuous suction. The dura- 
tion of cardiopulmonary bypass in Patients 1, 2, 
and 3 wes 116, 120, and 135 minutes, respec- 
tively. 


Comment 

Annuloaortic ectasia has been a challenge for 
the cardiac surgeon. Previously used surgical 
techniques [7, 8] have led to major long-term 
complications. These include late failure of the 
aortic valvuloplasty with subsequent develop- 
ment of aortic regurgitation [11], perivalvular 
leaks when a prosthetic valve has been sutured 
directly to the aortic annulus, and further dila- 
tation of the aneurysm in areas in which a 
major portion of aortic wall remains, with the 
risk of aortic rupture and even acute cardiac 
tamponade [4]. Fortunately, complications oc- 
cur in only a small percentage of patients; but 
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Fig 3. The composite dura mater valve—Dacron tube 
graft as prepared for insertion. At the end of the 
tube, the valve is seen from its ventricular side. An 
isolated valve is shown for purposes of illustration. 


when they do, the surgical risk at reoperation is 
higher. 

A method of total replacement of the affected 
area was described by Wheat in 1964 [16]. It 
consisted of resection of the aneurysm so as to 
leave a portion of aorta around the coronary os- 
tia, which were sutured in a scalloped way to 
the proximal margin of the tube graft. In 1970, 
Edwards and Kerr [6] reported utilization of 
and clinical experience with a technique that 
was essentially the same as the one described in 
1968 by Bentall and DeBono [2]. It consisted of 
total replacement of the aortic valve and ascend- 
ing aorta by a composite prosthetic valve- 
Dacron tube graft with the coronary arteries 
anastomosed to the side of the prosthesis. Since 
then, several others have employed the proce- 
dure, sometimes with modifications [4, 9, 10]. 
The results have been excellent to date. The ad- 
vantages are well recognized. (1) The procedure 
excludes the entire proximal aorta down to the 
aortic annulus, thus correcting both the aneu- 
rysm and the aortic regurgitation and leaving 
no room for new wall changes of the aneurysm. 
(2) The problem of periprosthetic leakage is 
eliminated; the aorta, tailored and sutured over 
the tube graft, provides considerable help in 


achieving hemostasis and greatly reduces post- 
operative hemorrhage. (3) The operative time is 
shortened as are the perfusion and aortic 
cross-clamping times. (4) Saphenous vein grafts 
to the coronary arteries could be utilized if nec- 
essary and are especially useful when dissec- 
tion is present and when undue tension on the 
suture line may lead to bleeding problems [17]. 

Methods of myocardial protection during the 
procedure vary according to the surgeon's per- 
sonal preference. Bentall and DeBono [2] re- 
ported using brief periods of anoxic arrest and 
utilizing coronary perfusion for much of the 
time. We have used local hypothermia with 
cold saline in much the same way as others 
have described [3, 15]. This method provides a 
quiet, dry operative field and excellent surgical 
exposure while effectively protecting the 
myocardium for a sufficient period to perform 
the operation. 

The ball-valve prosthesis may have some dis- 
advantages in this situation [4]. It could prevent 
free flow of blood when a large prosthetic valve 
is needed, and it fits snugly inside the largest 
available tube graft. For this reason and 
perhaps because of personal preference, the 
Bjork-Shiley tilting-disc prosthesis has been the 
valve of choice when a composite graft is to be 
used. Even this valve, however, does not elimi- 
nate the problems related to prosthetic valve 
replacement and requires adequate anticoagu- 


lation. It seems that the ideal correction has not 
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yet been devised, and continued research is jus- 
tified in order to obtain more definitive surgical 
results. 

The homologous dura mater cardiac valve 
was introduced for clinical use in 1971 [12]. It 
has the advantages of both a prosthetic and a 
biological valve. It is available in various sizes, 
can be stored for long periods at room tempera- 
ture, has proved to be durable when 
implanted for at least 4 to 6 years [15], is as 
easy to insert as the mechanical valves, can be 
easily retrieved from patients who have died, is 
absolutely silent while functioning, and is 
nonthrombogenic. In addition, small or no gra- 
dients have been detected through the prosthe- 
sis, at least with the larger sizes [14], and the 
clinical results have been very good to date. For 
all these reasons, the homologous dura mater 
valve has become the first choice for valve re- 
placement in many centers, including our own. 
For the composite graft, a dura mater valve (like 
other biological valves) seems to have the 
added advantage of being a "central-flow 
valve" that can be inserted into the prosthetic 
tube without compromising its function. 

It could be argued that a biological valve 
should not be used for the procedure described 
because degenerative changes might com- 
promise its competence and reoperation would 
pose a formidable surgical problem. Homolo- 
gous dura mater valves, however, as just stated, 
have proved their durability. Puig and as- 
sociates [13] followed a series of patients for 
from 4 to 6 years and found a late mortality of 
7.82%. In 41 patients with the dura mater valve 
in the aortic position, early malfunction was de- 
tected in 2 and late malfunction in 4 patients. 
Abdulmassih and co-workers [1], studying 25 
reoperations in 23 patients from a large series 
who needed re-replacement of a dura mater 
valve, encountered nine infections, eight leaflet 
ruptures, seven periprosthetic leaks, and 1 cal- 
cification. The mortality for reoperation was 
2490 and was higher in patients who had in- 
fection. If the risk of infection and of peripros- 
thetic leaks is accepted as a problem of both bio- 
logical and mechanical valves, we find that 
degenerative changes (including leaflet rupture) 
occur in a very small number of patients and 


that the dura mater valves show late results that 
compare favorably with any available cardiac 
valve substitute. In our experience, 83 patients 
with a dura mater valve in the aortic position 
have been followed for a period of from 6 to 42 
months. Four valves (4.896) failed within this 
period, ell due to bacterial endocarditis, leading 
to 3 late deaths (3.6%) and 1 successful reopera- 
tion. It should be noted that methods of steril- 
ization have been improved in recent years and 
the incicence of valve infection is decreasing. 
Probably some of the valve failures in our ex- 
perience and that of others were due to prob- 
lems of preparation, preservation, and steriliza- 
tion, which now should be avoidable. Based on 
these data, we believe we are justified to utilize 
a homolcgous dura mater valve in the compos- 
ite graft. Furthermore, the need for anticoagu- 
lants is avoided with this valve; this considera- 
tion is particularly important when we operate 
on patients of low socioeconomic condition or 
patients who live in distant or remote areas, in 
whom proper control of anticoagulation would 
be difficult. 

We believe that annuloaortic ectasia is best 
treated surgically by the technique of total re- 
placement of the aortic valve and ascending 
aorta wich a composite valve-Dacron tube 
graft. We think the homologous dura mater 
cardiac valve represents a reasonable alterna- 
tive for use in this situation because it has cen- 
tral flow, obviates the need for anticoagulants, 
and compares favorably with other cardiac 
valves in terms of durability. 


Addendum 

After this paper was prepared, 3 additional patients 
were operated on by the technique described. The 
summarized case reports follow. 


Patient 4 

A 56-year-old white man was admitted in Sep- 
tember, 1977. His chief complaint was angina 
pectoris. The clinical diagnosis was severe aortic 
regurgitation of luetic etiology. Angiography dem- 
onstrated that it corresponded to an aortic aneurysm 
that extended beyond the emergence of the 
brachiocephalic trunk, where it diminished in size. 
The patien: was in NYHA Functional Class II. At 
operation a great ascending aortic aneurysm was 
found. The aortic wall was thin, with yellowish and 
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friable plaques internally. The aortic valve was se- 
verely incompetent due to a dilated annulus, and the 
leaflets were mildly fibrosed. Histological examina- 
tion confirmed luetic aortitis. The surgical procedure 
was performed as already described. On the third 
postoperative day the patient suffered an episode of 
ventricular fibrillation that reverted promptly. How- 
ever, cerebral edema and superficial coma were 
present for forty-eight hours. These eventually re- 
gressed, and the patient was discharged on the 
twelfth postoperative day. Two months later an aor- 
togram revealed normal prosthesis function and 
good filling of both coronary arteries, although 
some residual aneurysm persisted distal to the 
brachiocephalic trunk. On the fourth postoperative 
month the patient was asymptomatic. 


Patient 5 

A 43-year-old white man was admitted in Sep- 
tember, 1977, with a clinical history of progressive 
dyspnea, palpitation, and angina on exertion (NYHA 
Functional Class l). The clinical and angiographic 
diagnoses were severe aortic regurgitation, ascend- 
ing aortic aneurysm, and left ventricular hyper- 
trophy. At operation a well-delineated ascending 
aortic aneurysm with displacement of the coronary 
ostia and aortic regurgitation was approached as de- 
scribed in the text. Cystic medial necrosis was dem- 
onstrated at histological examination. The patient 
had excessive bleeding and was reoperated on in the 
fifth postoperative hour. He had no other complica- 
tions and was discharged on the eighth postopera- 
tive day. Án aortogram was taken 35 days later and 
demonstrated good surgical correction. Four months 
after the operation he was asymptomatic (NYHA 
Functional Class l). 


Patient 6 

A 63-year-old white man was admitted in October, 
1977, with the complaint of progressive dyspnea and 
one episode of acute pulmonary edema. The diag- 
nosis was severe aortic insufficiency and ascending 
aortic aneurysm with marked displacement of the 
coronary ostia. The operation was performed by the 
technique described in this paper, and histological 
examination revealed cystic medial necrosis of the 
aorta. On the fifth postoperative day atrial fibrilla- 
tion developed and was treated by electric cardiover- 
sion. On the twelfth postoperative day he was dis- 
charged. Two months after the procedure, he was in 
NYHA Functional Class I and the aortogram showed 
a good surgical correction. 
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Editor's Note 

It must be recognized that the follow-up is short and 
the long-term durability of dura mater valves 1s not 
yet known. 
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Heterologous Pericardium 


for the Closure of Pericardial Defects 


J. I. Gallo, M.D., J. L. Pomar, M.D., E. Artinano, M.D., F. Val, M.D., 


and C. M. G. Duran, M.D., Ph.D. 


ABSTRACT Patches of glutaraldehyde-preserved 
porcine pericardium were transplanted orthotopi- 
cally into 20 dogs to see if they might make a satis- 
factory pericardial substitute. Two dogs had medias- 
tinal infections and were excluded from this study. 
All animals were reoperated on at regular intervals 
between 15 and 300 days. In 15 dogs there were no 
adhesions between the porcine pericardium and the 
host's epicardium. Histological study showed heal- 
ing between both pericardiums and no degenerative 
changes in transplanted pericardium. Glutaral- 
dehyde porcine pericardium has been utilized in 8 
patients to close the pericardial cavity. There have 
been no problems related to the pericardial grafts 
after a maximum follow-up of 9 months. 


Complete closure of the pericardial sac after 
open-heart surgery is believed to help avoid 
some postoperative complications and facilitate 
future reoperation. At our institution all pa- 
tients, whenever possible, have the pericardial 
sac closed with intrapericardial and retrosternal 
sump drainage. This is not always feasible, 
however, particularly in the patient who has 
had a coronary bypass operation and in whom 
compression of the saphenous vein grafts is a 
potential hazard. 

Different methods for pericardial closure 
have been described [1, 4—7, 10-13, 17-19, 21- 
24], but all have serious drawbacks. A new and 
theoretically ideal method for closing the defect 
and maintaining a retrosternal plane of cleavage 
is the use of heterologous pericardium. It was 
thought that glutaraldehyde-preserved porcine 
pericardium, which has the advantages of un- 
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limited supply and low antigenicity, could be a 
satisfactory pericardial substitute. To test this 
hypothesis, a patch of this material was trans- 
planted orthotopically into 20 dogs. Although 
the same material has been used clinically and 
experimentally in other parts of the cardiovas- 
cular system, this paper deals only with our re- 
sults in the pericardial position. 


Material and Methods 

Twenty mongrel dogs, weighing between 10 
and 20 kg, were anesthetized with sodium 
thiopental, 25 mg per kilogram of body weight. 
After orotracheal intubation, a Harvard ven- 
tilator was used. A right thoracotomy was per- 
formed in 18 animals and a left one, in 2. A5 X 
5 cm square of pericardium was excised in 11 
dogs and a circular piece from the other ani- 
mals. The piece was removed 2 cm anterior to 
the phrenic nerve. The resulting defect was re- 
paired using a measured heterologous porcine 
pericardial patch preserved in glutaraldehyde 
and prepared by Hancock Laboratories, Ana- 
heim, CA. Usually, four stitches were passed 
through the patch to make it easier to handle. A 
continuous over-and-over suture was used in 6 
dogs and interrupted sutures, in 14. All grafts 
but 1 were sewn with nonabsorbable synthetic 
suture material. In 2 dogs (Nos. 14 and 15) à 
double patch of porcine pericardium was su- 
tured to close the pericardial defect. At 
thoracotomy closure the chest drain was with- 
drawn. Penicillin was administered daily for 3 
days. 

All 20 dogs were reoperated on at regular 
intervals between 15 and 300 days. Medias- 
tinitis developed in 2 dogs, and they were ex- 
cluded from the study. 

Eight patients, who were between 28 and 67 
years old, had the pericardial sac closed with 
porcine pericardium. Seven of the patients had 
had a coronary bypass procedure and 1, aortic 
and mitral valve replacement. The patch was 
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Fig 1. Glutaraldehyde-preserved porcine pericardium 
used to completely close the pericardial sac in a patient. 
Note the intrapericardial drainage tube. 


sutured with an over-and-over 4-0 silk suture, 
and the size ranged from 5 X 5 to 16 X 6 cm to 
permit total pericardial closure without tension. 
An intrapericardial sump and a retrosternal 
sump were placed in all patients (Fig 1). 


Results 
Experimental 
The first group, 5 dogs, was reoperated on be- 
tween 15 days and 3 months (Table 1). In this 
group there were no adhesions between the 
patch and the epicardium. Two dogs showed 
adhesions to the epicardium at the level of the 
suture line between the graft and host pericar- 
dium. No other adhesions were present in 
the pericardial cavity. Macroscopically, the 
xenopericardium was thin and resembled the 
original. Histological study revealed normal 
healing between the two pericardiums. A thin 
layer of fibrous tissue covered both surfaces of 
the graft. Two dogs had a patchy chronic in- 
flammatory reaction in the fibrous covering 
layer. In all dogs, the graft was acellular with 
conservation of its original structure. 

A second group of 8 animals was reoperated 
on between 3 and 6 months. Seven dogs had no 
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adhesions between the patch and the epicar- 
dium. Of these 7 dogs, 4 had intrapericardial 
adhesions at the level of the suture line. One 
dog had loose adhesions, easily dissected by 
the surzeon’s finger, between the graft and 
epicardium and in the pericardial cavity. Mac- 
roscopically, all 8 dogs had a normal looking 
pericardial graft. Histologically, all grafts were 
covered by a thin fibrous layer. In three of 
them this layer was considered slightly thicker 
and showed signs of chronic inflammatory reac- 
tion. The graft remained totally acellular in all 
dogs (Fig 2). 

The third group, 5 dogs, was reoperated on 
between 6 and 10 months. Two dogs had thick 
adhesions, which needed scissor dissection, be- 
tween the graft and epicardium and at the su- 
ture line. One of them had pericardial sac adhe- 
sions. The other 3 dogs had no adhesions either 
at the patch level or within the pericardial sac. 
Macroscopically, all grafts remained thin and 
pliable. Histologically, the 2 dogs with thick 
adhesions showed signs of intense fibrosis, and 
1 of them showed signs of chronic inflamma- 
tory reaction in the fibrous layer. The other dog 
had small calcified foci irregularly distributed 
within the fibrous layer and not suture related 
(Figs 3, 4). 

The percine pericardium was structurally in- 
tact in al! 18 dogs at the time of writing. 
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Table 1. Experimental Results 
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Fig 2. Cross-section of a double layer of xenopericar- 
dium (P)5 months after implantation in a dog. Note the 
three layers of fibrous tissue (F). (H&E; original 
magnification X63.) 
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Fig 3. Macroscopic appearance 10 months after implan- 
tation in a dog. 
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Fig 4. Cross-section of glutaraldehyde-preserved porcine 
pericardium 10 months after implantation in a dog. 
Note the thin layer of fibrous tissue covering the intact 
graft. (H&E; original magnification X63.) 


Clinical 

Nothing irregular was detected in the early 
postoperative period in 7 of the patients with 
porcine pericardium (Table 2). Seven hours 
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Table 2. Clinical Results 








Patient No. Follow- 

Age (yr), up 

and Sex Procedure (mo) Outcome 

1. 56, M CABP double 9 Restudied, well 

2. 43, M CABP single 7 Restudied, well 

3. 48, M CABP single 3 Obstruction bypass 
4.28, M MVR + AoVR 7 Clinically well 
5.67, M CABP double T Died (7 hr), AMI (?) 
6.52,M CABP single 3 Clinically well 

7. 46, M CABP single 2 Clinically well 

8. 50, M CABP single 2 Clinically well 





CABP = cc»onary artery bypass; MVR = mitral valve re- 
placement; AoVR = aortic valve replacement; AMI = acute 
myocardial infarction. 


after operation an electrocardiogram showed a 
massive infarction in the eighth patient that 
evolved into irreversible cardiac arrest within 
30 minutes. At postmortem examination there 
were no tamponade, no histological signs of 
acute infarction, and patent grafts. The possi- 
bility of air embolism was considered. All 7 
surviving patients were clinically well after a 
maximum follow-up of 9 months. Four were re- 
catheterized, and 1 of them had an obstructed 
saphenous vein graft. The other 3 patients were 
awaiting restudy since follow-up was less than 
three months. None of the 7 patients had been 
reoperated on at the time of writing. 


* 
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Comment 
Median sternotomy was used in 1897 by Milton 
to explore the mediastinum and later to ap- 
proach the pericardium [16]. In 1953 Shumacker 
and Lurie [20] reported its use for a pulmonary 
valvotomy, and 4 years later Julian and as- 
sociates [9] reported it as a safe, less traumatic, 
and more comfortable technique for extracor- 
poreal cannulation and approach to all cardiac 
cavities. Since then, median sternotomy has 
become the standard and nearly universal ap- 
proach to open-heart surgery. However, the 
question of whether the pericardial sac should, 
and can, be completely closed after a cardiac 
procedure remains largely unsolved. It has been 
argued that the number of adhesions found in 
the pericardial cavity is strikingly less than the 
number found when the pericardium is left 
open [3]. This fact is very important when reop- 
eration is considered since a second procedure 
caries a higher mortality and morbidity 
primarily due to the sternal reopening. A sud- 
den, massive, and difficult-to-control hemor- 
rhage can occur when the right ventricular wall 
that is firmly adherent to the sternum lacerates. 
To avoid or palliate these difficulties, a 
number of surgical precautions have been rec- 
ommended [14, 15]. In theory, closure of the 
pericardial sac to maintain a plane of cleavage 
between the heart and sternum is desirable. 
This maneuver is not always possible because 
either a patch of pericardium has been used to 
correct a cardiac defect or the presence of an 
external conduit, cardiac cavity enlargement, 
or, more often, an aortocoronary bypass graft 
will not allow a safe tension closure of the cav- 
ity. To solve this problem, Youmans and co- 
workers [24] in 1968 used a sheet of Silastic su- 
tured to the edges of the pericardium, with 
satisfactory results. They suggested its use for 
the closure of pleural and pericardial defects, 


but this has not been commonly applied. In 


1973, Bonnabeau and associates [1] studied ex- 
perimentally and clinically the use of a Dacron 
patch coated with silicone. The occurrence of 
infections in animals and humans discouraged 
its regular use. Schechter and colleagues [17] in 
1976 suggested the use of autologous fresh 
pleura for the closure of pericardial defects. 
More recently, Kohanna and associates [10] 


used autologous fascia lata to bridge the defect. 
Although the results were satisfactory, 3 of the 
13 patients reported on, had complications at 
the donor site. 

The ideal pericardial substitute should be (1) 
easily available in any size and quantity, (2) 
biocompatible, (3) durable, (4) easy to handle, 
(5) nonantigenic, (6) nonadherent to the epicar- 
dium, and (7) free of complications. 

Although autologous pericardium is widely 
used in cardiac surgery, neither homologous 
nor heterologous pericardium has been used, 
to our knowledge, until recently in the con- 
struction of cardiac valves [2, 8]. The glutar- 
aldehyde-preserved bovine pericardium of the 
lonescu-Shiley bioprosthesis seems to last re- 
markably well for at least 5 years [8] without the 
previously noted alterations of the fresh au- 
tologous pericardium. Our porcine pericardium 
is prepared according to a controlled procedure. 
In the case of the porcine aortic valve, it is 
showing considerable long-term durability. 
Obviously the orthotopically transplanted 
xenopericardium is subjected to a very different 
environment, and therefore a different outcome 
can be anticipated. Our experimental results 
have shown that the xenopericardium remains 
unchanged for up to 10 months with a remark- 
ably low incidence of adhesions to the underly- 
ing epicardium. The alternative technique of 
using a double layer of porcine pericardium to. 
make the reopening of the sternum even easier 
remains an interesting possibility. The number 
of instances in which it has been used, how- 
ever, is too small to draw any conclusions. The 
thickening of the patch due to overgrowth by 
the host's tissue does not seem to be time re- 
lated, and we believe it may be secondary to the 
amount of contamination at the time of opera- 
tion. The few patients in whom this material 
has been used had normal postoperative pe- 
riods. Not all patients have been recatheterized. 
Only if they require reoperation will we know 
whether this technique simplifies the reopen- 
ing of the sternum and heart dissection. 
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Discussion 

DR. ALFONSO CHISCANO (San Antonio, TX): I have 
been very interested in the experimental work by Dr. 
Duran and his group. We have used fascia lata 
for closure of pericardial defects, primarily in gun- 
shot wounds of the chest, but I have had no follow- 
up on these particular patients. I wonder, Dr. Duran, 
if you have had any experience either in vivo or in 
vitro? Alsc, what amount of adhesion is it possible to 
obtain between the fascia lata and the myocardium? 


DR. GEORG MAGOVERN (Pittsburgh, PA): I would like 
to add 1 patient to those discussed by Dr. Duran. The 
Hancock Laboratory supplied us with some 
glutaraldehyde-treated, porcine pericardium, which 
we used im an 18-year-old girl undergoing aortic 
valve replacement. The patient is doing well. 

We carried out similar animal experiments. I didn't 
come prepared with slides, but the results have been 
essentially the same as Dr. Duran's. I congratulate 
him and second this very fine work. 


DR. JURO WADA (Tokyo, Japan): PTFE (Gore-Tex) 
laminated membrane seems to be a practical pericar- 
dial subst:tute, although additional clinical follow- 
up is necessary. 


DR. DURAN: My thanks to all the discussants. | think 
the question on what happens with the use of fascia 
lata should be referred to Dr. Spencer, whose group 
recently published a paper on the subject. | have no 
personal experience with this. 

With reference to the comment on Gore-Tex, again 
I have no experience. I know only that other prosthet- 
ic materials show a high rate of infection. I think this 
is the reason why other groups have not generalized 
the use of Salastic, for instance, which, as you know, 
is inert. 


Delayed Postoperative Cardiac 
Tamponade: Diagnosis and Management 
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Ralph D. Siewers, M.D., James D. O'Toole, M.D., Rosemarie Salerni, M.D., 


and Henry T. Bahnson, M.D. 


ABSTRACT Symptoms and signs of decreased car- 
diac output associated with an elevated venous pres- 
sure should alert one to the possibility of delayed 
cardiac tamponade. Enlargement of the cardio- 
thoracic ratio shown by serial roentgenograms and 
demonstration of significant pericardial effusion by 
echocardiogram or radionuclide angiocardiography 
support the diagnosis. Erratic response of the pro- 
thrombin time to administration of warfarin and ab- 
normal results of liver function test are additional 
clues to its diagnosis. Right heart catheterization 
documents the presence of tamponade and excludes 
other diagnostic considerations. Operative decom- 
pression of the pericardial space can be accom- 
plished by pericardicentesis, subxiphoid pericar- 
diotomy, median sternotomy, 
Hemodynamic observations following the relief of 


or thoracotomy. 


tamponade assure that an adequate therapeutic pro- 
cedure has been performed. 


Delayed cardiac tamponade that occurs late fol- 
lowing a cardiac operation is not anticipated, 
readily apparent, or easily recognized. Its clini- 
cal presentation develops insidiously during 
the postoperative period and is manifested by 
low cardiac output. When it is diagnosed, de- 
compression of the pericardial space may be 
achieved by  pericardicentesis, subxiphoid 
pericardiotomy, repeat median sternotomy, or 
thoracotomy. Experience with this complica- 
tion has elucidated some principles regarding 
diagnosis and management that warrant em- 
phasis. 


Clinical Material 


At the Hospitals of the University Health 
Center of Pittsburgh, 1,249 cardiac operations 
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employing cardiopulmonary bypass were per- 
formed in the four-year interval from January, 
1973, to December, 1976. During recovery, 8 pa- 
tients were confirmed to have had cardiac tam- 
ponade within 6 to 21 days following operation; 
2 patients who were evaluated for tamponade 
were found to have hemopericardium and no 
tamponade. 

A large number of the operations employing 
extracorporeal circulation were performed on 
infants and children being treated for congeni- 
tal heart disease, yet it was not suspected that 
any of these patients had delayed tamponade. 
The patients with delayed tamponade ranged in 
age from 26 to 55 years and underwent an oper- 
ation for acquired heart disease, with prosthetic 
valve replacement in 8, mitral commissurotomy 
in 1, and coronary artery bypass grafting in 1. A 
loose closure of the pericardium is commonly 
done but was not employed during these 10 op- 
erations. Ín each instance the mediastinum was 
drained by gravity with a large (32F) tube 
placed anterior to the heart and a second placed 
posteriorly within the pericardial space, with 
the tip adjacent to the left atrial appendage. Pa- 
tients who had a prosthetic valve inserted were 
started on a warfarin (Coumadin) regimen be- 
ginning 48 hours after operation. The patient 
who underwent mitral commissurotomy was 
also started on warfarin beginning 48 hours 
after the procedure. The patient who had coro- 
nary artery bypass was not given anticoagu- 
lants. 

The clinical presentation and laboratory data 
were documented by a review of the hospital 
records. The diagnosis of delayed cardiac tam- 
ponade was confirmed by cardiac catheteriza- 
tion in 5 patients. Cardiac tamponade was 
diagnosed when the pulmonary artery wedge, 
pulmonary artery end-diastolic, right ventricu- 
lar end-diastolic, and mean right atrial pres- 
sures were equal. In the remainder of the pa- 
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tients the diagnosis was confirmed by operative 
decompression of the pericardium that was fol- 
lowed by hemodynamic improvement, includ- 
ing an increase in the mean systemic arterial 
pressure, a decrease in the mean central venous 
pressure, and a clinical judgment that cardiac 
output had improved. 

Symptoms heralding decompensation due to 
delayed tamponade preceded its recognition by 
two to four days and were initially attributed to 
a slow recovery and poor ventricular function. 
These consisted of weakness in all 8 patients, 
malaise (8/8), dyspnea (8/8), chest pain (7/8), and 
anorexia (7/8). Signs suggesting low cardiac 
output were diaphoresis (8/8), elevation of the 
central venous pressure (8/8), tachycardia (8/8), 
tachypnea (8/8), and hepatomegaly (6/6). A 
paradoxical pulse (6/8) and hypotension (8/8) 
occurred late and immediately preceded an ac- 
curate assessment of the cause for the preceding 
nonspecific symptoms and signs. 

Definite trends in laboratory data have been 
identified that facilitate the recognition of im- 
pending tamponade before pulsus paradoxus 
and hypotension ensue. Serial observations of 
prothrombin time and roentgenographic as- 
sessment of the cardiac silhouette provide early 
evidence of impending tamponade. Excessive 
prothrombinopenia relative to the amount of 
warfarin administration (6/8) was an early clue: 
the prothrombin times were both extremely 
variable and unpredictable. This was associated 
with abnormally high serum concentration of 
serum glutamic oxaloacetic transaminase 
(SGOT), gamma glutamic pyruvic transaminase 
(yGPT), serum glutamic pyruvic transaminase 
(SGPT), lactic dehydrogenase (LDH), and 
bilirubin when hepatic function tests were ob- 
tained (3/5). An unexplained decrease in hemo- 
globin and hematocrit occurred several days or 
hours before the recognition of tamponade 
(7/8). Serial roentgenograms exhibited an un- 
usual and unexpected degree of cardiomegaly 
relative to the cardiothoracic ratio prior to oper- 
ation (6/8). A rapid increase in the cardio- 
thoracic ratio frequently corresponded with 
an excessive prothrombinopenia and decline in 
serum hemoglobin and hematocrit (6/8). The 
voltage of the electrocardiograms was not inor- 
dinately low (8/8). No patient received a drug 


known *o be synergistic with warfarin. Data ex- 
tracted from our experience with 2 patients is 
especially illustrative of the trends in laboratory 
data that have been identified. 

EXAM?LE 1. A 47-year-old patient under- 
went insertion of a Bjork-Shiley prosthesis (Fig 
1A). Excessive bleeding ensued, but immediate 
tamporade did not occur, the bleeding 
stopped, and reoperation was not thought to be 
necessary. Figure 1B shows a significant in- 
crease in the cardiothoracic ratio during the 
first 24 hours following operation. These 
roentgerograms suggest the presence of marked 
hemopericardium even though recovery was 
satisfactory. Figure 1C suggests progression of 
the patent's cardiac dilatation or effusion on 
the thirteenth postoperative day, when the clin- 
ical course indicated that his cardiac output was 
lower than expected. During the interim from 
the thirteenth to the sixteenth day following 
operation, an unexpected and variable response 
to the administration of warfarin, an excessive 
prothrombinopenia, a decline in the serum he- 
moglobin concentration and hematocrit, and a 
concomitant increase in the cardiothoracic ratio 
(Fig 1D; occurred. An echocardiogram con- 
firmed a suspected large pericardial effusion. A 
paradoxical pulse, mild hypotension, and poor 
peripheral perfusion were evident. The diag- 
nosis of delayed tamponade was confirmed by 
the presence of a very large, bloody pericardial 
effusion that was drained by a subxiphoid 
pericardiotomy, followed by improvement in 
his hemodynamic status. 

EXAMPLE 2. Bjórk-Shiley prostheses were 
inserted in the aortic, mitral, and tricuspid po- 
sitions in a 38-year-old woman. An inordi- 
nately low volume (250 ml) of blood drained 
from the mediastinal tubes over the 48 hours 
subsequent to operation. Her immediate recov- 
ery was satisfactory. One week after the opera- 
tion her liver was palpable 6 cm below the right 
costal margin, as it had been prior to operation, 
and her hepatic function test results were as 
follows: total bilirubin, 2.9 mg/100 ml; direct 
bilirubin 1.4 mg/100 ml; yGPT 1.2 x normal; 
SGPT 1.1 x normal; SGOT 1.6 x normal; and 
LDH 1.4 x normal. Beginning 72 hours after 
operatior, small doses of warfarin were ad- 
ministered for 10 days (Fig 2); none was given 
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Fig 1. Chest roentgenograms (A) following insertion of a 
Bjórk-Shiley aortic prosthesis, (B) 24 hours postopera- 
tively, (C) 13 days postoperatively, and (D) 16 days 
postoperatively. 
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Fig 2. Erratic response of prothrombin time to the ad- 
ministration of warfarin (Coumadin) following triple 
valve replacement. 


subsequent to this, yet the prothrombin time 
continued to rise to a hazardous value, increas- 
ing from 60 seconds to 80 seconds over a three- 
hour interval on the twelfth day after operation. 
During that three-hour period her hematocrit 
decreased from a previously stable value of 44% 
to 38%. Her cardiothoracic ratio had increased 
significantly from the tenth to the twelfth day 
after operation; previously, it had always 
been as large as would have been anticipated 
following a triple valve replacement. Acute 
hypotension and bradycardia ensued, and a 
large hemopericardium was evacuated through 
a subxiphoid pericardiotomy, with the proce- 
dure carried out in her hospital room. Her even- 
tual recovery was slow but successful. 

When clinical and laboratory data make de- 
layed cardiac tamponade a likely consideration, 
and noninvasive studies suggest the presence 
of pericardial effusion or  intrapericardial 
thrombus, right heart catheterization has been 
a valuable procedure to confirm the diagnosis 
of cardiac tamponade and to aid in the man- 
agement. This was done in our patients. In each 
patient the pulmonary artery wedge pressure, 
pulmonary artery end-diastolic pressure, right 
ventricular end-diastolic pressure, and mean 
right atrial pressure were equal. Contours char- 
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acteristic of tamponade were recorded from the 
right atrial and right ventricular cavities. The 
right ventricular end-diastolic pressure was 
equal to or greater than a third of the peak sys- 
tolic right ventricular pressure. The y descent 
in the atrial pressure was markedly attenuated. 

Serial studies of cardiac hemodynamics re- 
corded before and after alleviation of tam- 
ponade were used as a guide to treatment of 3 of 
our patients as shown in Figures 3, 4, and 5. 
Figure 3 illustrates a transition from tamponade 
to normal intracardiac pressures and disap- 
pearance of the paradoxical pulse following re- 
moval of pericardial fluid by pericardicentesis 
alone. Figure 4 shows a right atrial pressure ob- 
tained prior to operative intervention and a 
modest reduction of the right atrial pressure fol- 
lowing drainage of pericardial fluid through a 
subxiphoid  pericardiotomy.  Intrapericardial 
thrombus could be palpated and was evacuated 
through the median sternotomy, returning the 
intracardiac pressures to normal. In Figure 5, 
the elevation of the right ventricular end- 
diastolic pressure is evident; however, this 
value did not exceed one-third the peak systolic 
right ventricular pressure. The major he- 
modynamic abnormality was failure of the 
right ventricular pressure to return to baseline, 
indicating impairment of diastolic filling. A 
small volume (60 ml) of fluid was drained 
through s subxiphoid pericardiotomy; no 
thrombus was palpable, the early right ven- 
tricular end-diastolic pressure returned to 
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Fig 3. Transition from tamponade (A) to normal intra- 
cardiac pressures (B) and disappearance of the paradox- 
ical pulse following pericardicentesis in a patient with 
delayed postoperative cardiac tamponade. 


baseline, and the procedure was terminated. 
Early operative intervention may have pre- 
vented progression to tamponade. 
Echocardiography (Fig 6) and radionuclide 
angiocardiography may disclose the presence of 
pericardial effusion or thrombus. In 1 patient, a 
right atrial angiogram and radionuclide an- 
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giocardiography (Fig 7) demonstrated a large 
thrombus adjacent to the right atrium. Sub- 
sequent hemodynamic measurements excluded 
cardiac tamponade, making pericardiotomy 
unnecessary (Fig 8). Progression to tamponade 
did not occur. 

Alleviation of tamponade has been achieved 
by pericardicentesis (1/8), subxiphoid pericar- 
diotomy (2/8), and repeat median sternotomy 
(5/8). No mortality was attributed directly to 
the tamponade, but 1 patient died as a conse- 
quence of many subsequent complications that 
were indirectly related to this problem. 
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Fig 4. An elevated right atrial pressure associated with 
delayed tamponade (A) was reduced only modestly by a 
subxiphoid pericardiotomy (B) and returned to normal 
after the median sternotomy was reopened and a throm- 
bus evacuated (C). 
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Fig 5. Elevation of right ventricular end-diastolic pres- 
sure occurring postoperatively in a patient suspected of 
having delayed tamponade. The end-diastolic pressure 
does not equal one-third the peak systolic right ventricu- 
lar pressure (A). Evacuation of intrapericardial fluid (60 
ml) returned the early right ventricular end-diastolic 
pressure to normal (B). 
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Fig 6. Echocardiogram demonstrating pericardial effu- 
sion in a patient suspected of having delayed tam- 
ponade. 
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Fig 7. (A) Right atrial angiogram demonstrating widen- 
ing of the space between the atrial border and the 
pericardium, which could represent either thrombus or 
effusion. (B) Radionuclide angiocardiogram delineating 
an abnormally wide space between the right border of 
the heart and the right lung of the same patient as in A. 
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Fig 8. Hemodynamic data excluding tamponade in a pa- 
tient with pericardial effusion confirmed by echocar- 
diogram (see Fig 6) and by right atrial angiogram and 
radionuclide angiocardiography (see Fig 7). 


Comment 


The challenge of delayed cardiac tamponade oc- 
curring after operation is to recognize it early. 
The complication is not anticipated because 
of its infrequent occurrence [2, 8, 11]. Con- 
sequently, the low cardiac output or refractory 
congestive heart failure is initially attributed to 
impaired ventricular function. The normal 
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heart tones [4, 8] and normal electrocardio- 
graphic voltage [1, 4, 5] do not arouse suspi- 
cion. The cardiac silhouette on a roentgenogram 
does not have the typical "water-bottle" ap- 
pearance characteristic of an effusion; the car- 
diothoracic ratio may be normal [2, 4], or a large 
cardiothoracic ratio may be ascribed to conges- 
tive heart failure. Kussmaul's sign occurs late 
[5]. A paradoxical pulse is not readily apparent 
and must be sought; thus, a prerequisite for 
its detection is suspicion of tamponade. 
Additionaliv, a paradoxical pulse is a late sign 
[1, 5] that can also occur in congestive heart 
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failure [8, 9]. Accordingly, of primary impor- 
tance in establishing the diagnosis is awareness 
that delayed tamponade is suggested by retrac- 
tory congestive heart failure or low cardiac out- 
put which is inconsistent with expectations 
based on the preoperative status and operative 
events. 

The extremely variable and unpredictable 
prothrombinopenia, which is not commensu- 
rate with the amount of warfarin administered, 
is an important clue—and frequently an early 
one. The association of anticoagulation (warta- 
rin and heparin) [1-3, 5, 8-10] with delayed 
tamponade, and the lack of correlation between 
its occurrence and the degree of anticoagulation 
[1], is a common experience. Àn unexplained 
decline in the hemoglobin and hematocrit and 
an increase in the cardiothoracic ratio on roent- 
genogram herald intrapericardial bleeding. 
Experience at the University of Pittsburgh indi- 
cates that the erratic prothrombinopenia is gen- 
erally accompanied by slow or intermittent 
intrapericardial bleeding, leading to the diag- 
nosis of tamponade because of the resultant 
large effusion that eventually is recognized 
roentgenographically. A rapid accumulation pre- 
sents as shock before an increase in the car- 
diothoracic ratio is apparent. The abnormal re- 
sults of hepatic function tests suggest that this 
unpredictable response to warfarin reflects he- 
patic dysfunction. It is this erratic response, not 
the degree of hypoprothrombinemia, that is an 
early clue to latent tamponade. 

In the absence of anticoagulants, variable 
hypoprothrombinemia is not likely to be asso- 
ciated with tamponade. Rarely, tamponade 
may be seen with compression of the right ven- 
tricular outflow tract [5] or left atrium [12, 14] or 
with accumulation of pericardial fluid as a con- 
sequence of a prior pericardiotomy syndrome 
[6] or chyle [7]. 

Noninvasive echocardiography and radionu- 
clide angiocardiography are useful methods 
for detecting an effusion or thrombus within 
the pericardium. Confirmation of tamponade 
due to the effusion or a thrombus, and exclu- 
sion of poor ventricular function as the basis 
for low cardiac output, can be achieved by car- 
diac catheterization or with a Swan-Ganz bal- 
loon flotation catheter [13]. Restriction of car- 


diac filling is indicated by virtually equivalent 
pulmonary capillary wedge, pulmonary artery 
end-diastolic, right ventricular end-diastolic, 
and right atrial mean pressure. Additional cri- 
teria include a right ventricular end-diastolic 
pressure that is equal to or greater than one- 
third the peak systolic right ventricular pres- 
sure and attenuation of the y descent in the 
right atrial pressure contour. Cardiac cathe- 
terization with angiography provides the 
additional diagnostic advantage of localizing a 
thrombus while excluding the possibility of a 
major pulmonary embolus. 

Hemodynamic measurements similar to 
those in tamponade may occur with chronic 
constrictive pericarditis and restrictive car- 
diomyopathy, but neither is a differential con- 
sideration in the postoperative patient. A pul- 
monary embolus results in pulmonary capillary 
wedge or left atrial pressure that is dispropor- 
tionately lower than the pulmonary artery dias- 
tolic pressure, right ventricular end-diastolic 
pressure, and right atrial mean pressure. The 
intracardiac pressures associated with a right 
ventricular infarction are similar to those occur- 
ring with a pulmonary embolus [13], but this is 
a rare event that may be recognized electrocar- 
diographically as a posterior or inferior myo- 
cardial infarction. 

Pericardicentesis, subxiphoid pericardioto- 
my, and median sternotomy or thoracotomy 
constitute three operative approaches to de- 
compressing the pericardial space. De- 
fibrinated blood, serous fluid of the postperi- 
cardiotomy syndrome, and chyle can be re- 
moved by a subxiphoid pericardicentesis using 
a large needle. A thrombus must be extracted 
by subxiphoid pericardiotomy or by mediasti- 
nal exploration. The adequacy of decompres- 
sion is readily assessed by measurement of 
intracardiac pressures, either by the Swan- 
Ganz balloon flotation catheter or by catheters 
left in the right atrium and ventricle following 
cardiac catheterization. A rise in mean arterial 
pressure, fall in right atrial pressure, return of 
the right ventricular end-diastolic pressure to 
normal, and normal y descent of the right atrial 
pressure contour indicate adequate decompres- 
sion. Should pericardicentesis alone fail to 
achieve optimal return of intracardiac pressures 
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to normal, a subxiphoid pericardiotomy may 
succeed in breaking loculations and evacuating 
fluid and thrombus. This, too, may be inade- 
quate if the thrombus is adherent or if it is lo- 
cated adjacent to the high right atrium and 
superior vena cava, to the left atrium poste- 
riorly, or to the pulmonary artery and right ven- 
tricle anteriorly. Reopening the entire initial in- 
cision remains the only option in these circum- 
stances. Reopening. the incision as the initial 
approach obviates the need for monitoring 
intracardiac pressures after pericardicentesis 
and subxiphoid pericardiotomy, but it also rep- 
resents a more extensive procedure that may be 
unnecessary. 
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Intraoperative Pacemaker Electrical Testing 


James W. Calvin, M.D. 


ABSTRACT To determine the clinical value of 
intraoperative pacemaker system electrical testing, 
the results of 200 consecutive pacemaker procedures 
(95 ventricular and 6 atrial primary implantations, 88 
generator replacements, and 11 system revisions) 
were reviewed. The rationale and technique of test- 
ing maneuvers are described, including the use of a 
compact pacing system analyzer wrapped and used 
on the sterile operating field. 


Generator variables (output amplitude, time 
intervals, and inhibition capabilities) identify 
appropriate function, energy safety margin, 
and applicability of the chosen unit to indi- 
vidual clinical situations. In a secondary opera- 
tion in 45 patients, predicted generator failure 
was confirmed in only 34. In each of the other 
11 patients at least one unexpected, correctable 
lead problem was identified. 

Detailed electrical testing is mandatory to ob- 
tain proper function and longevity for both 
primary and secondary pacemaker operations. 
The primary function of a cardiac pacemaker 
system is delivery of pulsed electrical energy of 
sufficient amplitude to cause myocardial sys- 
tolic contractions. The secondary function is de- 
tection of the intrinsic cardiac electrical activity 
that causes the pulse generator to inhibit and 
thereby prevent stimulation of cardiac tissue 
when it occurs at inappropriate times. When 
exposed at operation, the generator and the 
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lead electrodes can provide data on these two 
functions. 

Electrical testing at implantation with the 
achievement of ideal results can help assure 
long-term success of a cardiac pacemaker sys- 
tem. Conversely and more importantly, ac- 
ceptance of compromised results can portend 
system failure. Yet, in clinical practice, com- 
plete electronic analysis is often neglected be- 
cause of the time involved at operation and the 
seeming complexity of the results. The pur- 
poses of this report are to discuss the rationale 
of pacemaker electrical system analysis and 
describe an intraoperative technique using 
simplified testing equipment. 


Materials and Methods 

Two hundred consecutive pacemaker opera- 
tions from October, 1972, through December, 
1975, from one surgeon's practice in a commu- 
nity hospital were reviewed. They consisted 
of 65 endocardial ventricular, 30 epicardial- 
myocardial ventricular, and 26 epicardial- 
myocardial atrial primary implantations, 88 
pulse generator replacements, and 11 system 
revisions. Six of the transvenous endocardial 
ventricular leads required early repositioning. 
Bcth bipolar and unipolar systems with various 
generators from several manufacturers of either 
constant-voltage or constant-current types were 
used. 

For the first 30 patients in this series, the 
threshold for capture was tested through the 
leads using only an ordinary off-the-table ex- 
ternal generator of the constant-current type 
with a fixed 1.8 or 2.0 msec pulse duration. The 
intrinsic myocardial electrical potential was re- 
corded only occasionally, and then with the 
cumbersome arrangement of additional off- 
the-table cables connected to a battery-powered 
electrocardiograph machine for either the ORS 
or the P wave amplitude measurement. This re- 
quired turning off the external temporary 
transvenous catheter pacer system, if there was 
one, so that the direct electrograms could be 
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recorded. A prototype switching box was 
sterilized, put on the table, and used to facili- 
tate the procedure by turning off and on the 
various connecting cables. The generator to be 
implanted was not tested but was simply ac- 
cepted from the manufacturer and presumed 
to meet specifications. More important, an 
explanted generator suspected of malfunction- 
ing was not analyzed. 

In July, 1973, a pacing system analyzer (Med- 
tronic Model 5300) of programmable width and 
constant-voltage configuration became avail- 
able and was used for each of the subsequent 
170 procedures. For the first of these proce- 
dures, the measurements from this sophisti- 
cated instrument were compared with those ob- 
tained from the older devices. When the ease of 
use of this new apparatus became apparent and 
after its accuracy and consistency were estab- 
lished, it was employed exclusively. 


Testing Device 

Several manufacturers have provided pacing 
system analyzers. These analyzers have output 
functions for pacing at different amplitudes, 
widths, and rates, and they incorporate several 
input features for measuring capabilities. To- 
gether, the output and input capabilities can 
provide important electrical indicators of both 
generator and lead functions. 

The analyzer used in this series achieved 
“peer” recognition in 1975 when it was selected 
for an "Award of Distinction'' by the Minnesota 
Society of Professional Engineers because of its 
several capabilities. The pulse generator func- 
tions that can be measured are the output am- 
plitude, the time intervals (pulse width and 
pacing interval), and sensing/inhibition capa- 
bilities. The amplitude of the pulse generator, 
even if it is a constant-voltage instrument, is 
measured by detecting its output pulse current 
through an arbitrary 500 ohm load (meant to be 
representative of a lead-electrode system in 
contact with myocardial tissue) and is dis- 
played in milliamperes. While nominal values 
for some generators from certain manufacturers 
are approximately 10 ma, the obtained value 
should be compared with individual factory 
specifications. And, pulse generators from 
manufacturers other than that of this analyzer 


may provide apparently discrepant values for 
output because of the particular shape of the 
upstroke of the pacer spike. 

For a constant-voltage permanent generator, 
which many are, it would be more meaningful 
to mentally convert the milliampere value to 
volts using Ohm's law: E = IR, where E is volts, 
l is current in amperes, and R is resistance in 
ohms. Thus, the output is 5 v if the current from 
the generator is 10.0 ma through the 500 ohm 
load (5 v = 0.010 ampere x 500 ohms). Stimulat- 
ing vol:age thresholds of the leads, then, can be 
compared with the output voltage of the 
generator to calculate more meaningful energy 
safety margins [2]. For a constant-current 
generater, the displayed milliampere value is 
the more important one for this purpose. 

Because the analyzer used in this series has 
an intervalometer, the generator's pulse width 
(duraticn) and pulse-to-pulse interval (recip- 
rocal of :ts rate) are shown individually in mil- 
liseconds. Beats per minute can be calculated by 
dividing the pulse-to-pulse interval by 1,000 
and then dividing that result into 60. Thus, if 
the pulse-to-pulse interval is 854 msec, 60/0.854 
= 70.26 >eats per minute. Finally, a series of 
rapid impulses, meant to simulate intrinsic car- 
diac electrical signals of medium-low ampli- 
tude, can be delivered from the analyzer to the 
generator to provide indirect evidence of its 
proper sensing/inhibition capability or ‘‘de- 
mand function.” 

The first variable of lead function to be de- 
termined is the minimum or threshold pulse 
amplitude for consistent capture of the myocar- 
dial rhythm. An analyzer pacing rate above the 
existing heart rate is chosen, the voltage knob 
having been preset for minimal output. Then, 
the analyzer output voltage is gradually in- 
creased urtil there is consistent cardiac re- 
sponse. A few minutes are allowed to elapse to 
confirm electrode tip stability, and the voltage 
threshold is then redetermined. Often the value 
is slightly lower, self-adjustments having been 
made at the electrode tip-cardiac tissue inter- 
face, and th:s value is recorded. 

While threshold is expressed in both volts 
and in resui:ant milliamperes, it is in essence a 
voltage-determined value for all the procedures 
reported hers. At the chosen amplitude setting, 
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the voltage remains constant (that is, it is inde- 
pendent of circuit current or circuit resistance), 
and this value is noted as the “stimulation 
threshold voltage." While some manufacturers 
provide an analyzer that allows optional testing 
in either the constant-voltage or the constant- 
current configuration, the device used in this 
series was solely of the former design. The cur- 
rent amplitude at threshold is self-determined 
by the analyzer because of Ohm's law, now 
transposed to: I = E/R. It can be presumed that 
when the electrode tip is stable against the 
myocardium, the electrode-tissue resistance is 
constant. This resultant current in milliamperes 
can be visualized on the digital display of the 
analyzer. If it does not repeat at essentially the 
same value, the electrode tip position may not 
be stable. 

The second lead function is impedance (elec- 
trical resistance). This cannot be directly mea- 
sured with the analyzer used in this series or 
with other presently available analyzers because 
an ohmmeter has not been incorporated into the 
design. However, impedance can be calculated. 
Again, Ohm's law is used, this time transposed 
to: R = E/l x 1,000, where E is the selected 
output pulse amplitude in volts and I is the re- 
sultant current measured and displayed in mil- 
liamperes. An expedient technique to approxi- 
mate the actual impedance is to adjust the volt- 
age knob sufficiently high that the displayed 
resultant current is approximately 10.0 ma; then 
the value of the voltage knob is read and simply 
multiplied by 100 (ohm = v/10 x 1,000). Thus, 
stimulating threshold voltage in volts and resul- 
tant current in milliamperes together with cal- 
culated impedance in ohms can be recorded. 

Incidentally, during transvenous procedures 
when impedance is approximated as just de- 
scribed, the use of maximal output from the 
analyzer (10.0 v) serves the additional purpose 
of checking for unwanted diaphragmatic pac- 
ing. If it is found, the lead should be reposi- 
tioned. 

The third variable of lead function to be de- 
termined is the magnitude of the intrinsic myo- 
cardial electrical potentials of the ventricle, 
which must be detected by the pulse generator. 
Because the analyzer is not designed to detect 
the deflection P waves, atrial pacing studies still 


must depend on conventional testing equip- 
ment [3]. The instrument can, however, be ad- 
justed to interrupt its output and enable record- 
ing of the peak-to-peak amplitude of the ORS 
complex. This intracavitary or myocardial R 
wave signal is displayed in millivolts, and the 
value approximates the amplitude of the elec- 
trogram, which a typical pulse generator will 
detect as long as the slew rate (sharpness of up- 
stroke) [9, 13] is adequate. The device com- 
mences measuring a few milliseconds into the 
leading edge of the ORS just as do most, if not 
all, permanent pulse generators. This mea- 
surement requires approximately four or five 
detected R waves to reach meaningful values. 
After this self-adjustment by the analyzer, 
steady readings can be interpreted to reflect the 
basic underlying rhythm while interspersed 
unusual values, either high or low, can reflect 
premature ventricular contractions or other 
aberrant rhythms. It is important to make note 
of both ranges of values. 


Testing Protocol 

At each procedure a well-functioning cardioscope 
attached to standard limb leads is available for 
visualization of the cardiac cycles. In addition, 
a finger plethysmographic device, a Doppler 
flow detector, an esophageal stethoscope, or a 
precordial heart tone amplifier is always used 
for beat-by-beat audiomonitoring of the effec- 
tive circulation. 

Confirmation of excellent anatomical posi- 
tioning of the electrode tip is of utmost impor- 
tance whether the procedure is performed by 
the transvenous route under fluoroscopic con- 
trol or is accomplished through the epicardial 
approach under direct visualization. Also, in 
either instance, a period of observation is nec- 
essary to confirm stability of position. After 
testing the generator, the electrode variables are 
measured. These are important both at the time 
of initial (primary) procedures and at later (sec- 
ondary) operations because they help to con- 
firm adequate position and even stability of the 
leads and can aid in diagnosing the cause of any 
later system malfunction. 

For convenience, the analyzer is connected to 
presterilized cables and is dropped into a sterile 
transparent wrap so that it can be brought onto 
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Fig 1. The pacing system analyzer in a sterile "bowel 
bae." The analyzer and sterile writing equipment allow 
the surgeon to observe and immediately record the sev- 
eral variables of both generator and lead function. 


the operating table (Fig 1). A gas- or heat- 
autoclaved, plastic, surgeon’s-type, felt-tipped 
skin-marking pen is used to record the analyzer 
results. The cardioscope and audio equipment 
are monitored to ensure cardiac function while 
the variables are measured and recorded. Thus, 
the surgeon can perform the required maneu- 
vers and make the recordings without assis- 
tance. 

Generator measurements are obtained and 
recorded in a one or two-minute period. Lead 
measurements may take longer for several rea- 
sons: it is sometimes difficult to immediately 
confirm consistent capture with this fixed-rate 
device; each lead (if there are two) should be 
tested separately in both the unipolar and bipo- 
lar configurations; and determination of the R 
wave amplitude might require gradual rate de- 
crease of a temporary pulse generator so as to 
avoid a prolonged period of asystole [6]. In- 
deed, this latter measurement should not be at- 
tempted in certain pacemaker-dependent pa- 
tients in order to avoid cerebral complications. 
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If the initial measurement results are less than 
ideal, the whole procedure must be repeated 
after lead repositioning. Finally, observation is 
required of the cardiac cycle when the perma- 
nent pulse generator is connected to the leads. 
Both preper pacing with capture and, if there 
are even a few intrinsic heart beats at short 


enough intervals, proper sensing with inhibi- 
tion should be confirmed. 


Results 

For the last 170 procedures, each pulse 
generator, whether it was to be implanted or 
had been explanted, was tested for all its vari- 
ables. At the time of initial implantation, each 
generator was within the specification limits as 
prepublished by the manufacturer. Similarly, 
each lead was examined. Bipolar systems were 
tested in each polarity and then separately in 
each unipolar configuration. 

The epicardial-myocardial leads in this se- 
ries, all with the electrode tips of the corkscrew 
configuration and of the then standard 6 mm 
penetrating depth, were implanted through the 
transmediastinal approach exclusively into the 
right ventricle [4, 5]. Areas of the myocardium 
separated trom one another by only 1 to 2 mm 
often manifested distinctly different elec- 
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Fig 2. Applicator and corkscrew electrode with penetrat- 
ing depth of 6 mm used for epicardial approach to the 
thin-walled right ventricle (above) and threshold testing 
probe with the same penetrating depth used in prelimi- 
nary maneuver to seek electrically responsive areas of 
myocardium (below). 


trical measurements, sometimes in the un- 
acceptable range. This no doubt was often due 
to the fact that selective areas of the heart may 
have had myocardial fibrosis from coronary or 
other degenerative disease processes. But part 
of the explanation is anatomical: the undulating 
inner surface of this thin-walled chamber 
would in certain areas allow total wall penetra- 
tion. Because of this, a specially designed 
threshold testing probe (Medtronic Model 
6017 A) was developed and first used in March, 
1973. It has the same penetrating depth as the 
permanent electrode (Fig 2) and is designed to 
be used in an acupuncturelike maneuver to find 
the highly responsive areas of myocardium be- 
fore implantation. Proper pacemaker function 
was achieved consistently in each of the 30 
epicardial-myocardial procedures in this series 
even in the relatively shallow right ventricular 
wall, but sometimes the procedure required 
many trial test probe insertions and permanent 
electrode tip implantations (Fig 3). Finally, it 
must be remembered when using the epicardial 
approach that spatial orientation of two elec- 
trodes can sometimes produce bipolar R waves 
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Fig 3. Results with two epicardial-myocardial electrodes 
using older (constant-current) testing equipment. Three 
applications with the second electrode (the first implant 
with this electrode was not measured) were necessary to 
achieve ideal low current threshold and high QRS am- 
plitude variables. Even more meaningful results can 
now be quickly sought and obtained with the new 
constant-voltage testing equipment. 


of low amplitude simply because the sensed di- 
pole is in a peculiar electrical plane [1, 9]. 
Similarly, the transvenous ventricular leads 
frequently required considerable manipulation 
to achieve a final electrode tip position that was 
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satisfactory by fluoroscopic configuration and 
concomitantly by electrical testing results. An 
unstable milliampere reading on the digital 
display when the voltage was constant was un- 
derstood to indicate instability of endocardial 
electrode tip position, sometimes necessitating 
further manipulation. 

Lead threshold results at primary procedures 
from either operative approach were virtually 
the same. Thresholds of 0.6 v or less with 
the new constant-voltage, variable-pulse-width 
analyzer and 0.3 ma or less with the old 
constant-current, fixed-pulse-width testing de- 
vice were achieved in 93 (92%) of the 101 pa- 
tients undergoing implantation, both ventricu- 
lar and atrial. One patient with corkscrew leads 
and 7 with endocardial ventricular leads (8%) 
revealed thresholds between 0.6 and 0.9 v. It is 
notable that the implants in 4 of these patients 
failed within a year after implantation due to 
so-called exit block. The R wave amplitude of 
the intrinsic usual rhythm and of any aberrant 
beats ranged from 4.0 to 23.0 mv. The average 
value in the 95 patients undergoing primary 
ventricular implantation was 9.6 mv, and in 91 
instances (96%) it was more than 7.0 mv. The 
specific variables for the primary implantation 
in 5 of the 6 patients with atrial pacemakers 
were previously reported [3]; the thresholds 
were from 0.5 to 0.9 v, and the P wave ampli- 
tudes, measured by special oscilloscopic 
equipment, ranged from 2.0 to 3.0 mv. This, of 
course, necessitated high-sensitivity perma- 
nent generators for these atrial systems. 

Six (9%) of the 65 endocardial ventricular 
electrode tips became displaced two days to two 
weeks after primary implantation. Testing at 
reoperation revealed in each instance a high 
threshold in terms of both the stimulating 
voltage and the resultant current, but the cal- 
culated impedance had changed only insig- 
nificantly. Repositioning under fluoroscopic 
control with concomitant satisfactory results on 
retesting restored proper measurements and 
proper pacemaker function in each instance. 

Fifty-four patients underwent delayed, sec- 
ondary operations for elective pulse generator 
replacement in this series. There had been no 
evidence of impending battery fatigue or other 
malfunction during follow-up visits for office 


pacemaker function testing. In each instance 
the generator and lead measurements were 
within predicted ranges. In only 34 (76%) of the 
45 patients with delayed system malfunction, 
however, was the predicted diagnosis of 
generator failure confirmed by diminished or 
absent output or prolonged pulse-to-pulse 
interval from the explanted unit. In each of the 
remaining 11 patients, whose pacemakers had 
been implanted through a transvenous ap- 
proach, unexpected, correctable lead-electrode 
problems were identified. In 9 patients, intra- 
operative testing through the leads revealed 
both high voltage and high resultant current 
threshelds and the impedance was essentially 
unchanged, findings virtually identical to those 
with tne early lead displacement problem. De- 
layed displacement was evident in only 2 pa- 
tients, however, and exit block was diagnosed 
for the remaining 7. Lead repositioning or con- 
version to a unipolar system was possible in 4 
of these 9 patients. A new operation for epicar- 
dial lead implantation was performed on 4 pa- 
tients. A high-output generator for replacement 
was used for 1 critically ill patient with exit 
block. 

The findings at secondary operation in the 
other 2 patients are noteworthy. A 74-year-old 
man experienced sudden cessation of pace- 
maker function nearly two years after the initial 
implantation. Pacemaker spikes were absent on 
the electrocardiogram, and intrinsic cardiac 
function had reverted to  preimplantation 
bradycardia. At operation, surprisingly, output 
and input variables of the generator were nor- 
mal, but the output required from the analyzer 
through the leads for even incomplete capture 
was near:y 10 v. The recorded resultant current 
was less than 1 ma. Impedance was therefore 
very high. This was clear evidence of an elec- 
trode fracture, and only in retrospect was the 
roentgenographic discontinuity of the metallic 
electrode within the length of the lead noted 
(Fig 4). Lead splicing as well as elective 
generator replacement restored proper pace- 
maker function. 

The other patient, a 40-year-old woman, re- 
vealed the opposite voltage-current mea- 
surements. She was scheduled for elective pulse 
generator seplacement and had mentioned 
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Fig 4. A complete fracture of the length of the electrode 
at the bend in the supraclavicular region. If this were 
only partial, electrical testing would show a high 
stimulating voltage threshold, yet a low resultant cur- 
rent, and the calculated impedance would be markedly 
increased. These three variables of lead function, to- 
gether with recording of the R wave, can easily be de- 
termined with the analyzer used in this series. 





Fig 5. Insulating sheath disruption, allowing electrical 
short circuit. Testing revealed abnormally low calcu- 
lated impedance, with low voltage yet high current at 
threshold. 





mild, intermittent tingling in the left subcostal 
region, which incidentally was along the course 
of the bipolar epicardial leads placed four years 
earlier. The stimulating voltage threshold in the 
active lead was acceptable for its chronic state 
(1.5 v), while the resultant current was surpris- 
ingly high (6.0 ma). The calculated impedance 
was less than 300 ohms. Sheath disruption al- 
lowing a short circuit and causing intermittent 
subcutaneous and muscle stimulation was then 
suspected and was confirmed by the provoca- 
tive maneuver of short-lived deliberately 
higher voltage, which caused the patient un- 
equivocal shocklike discomfort. The sheath 
fracture was exposed (Fig 5), the epicardial 
leads were abandoned, and a successful trans- 
venous endocardial operation was carried out. 


Comment 

There are three specific purposes for testing at 
initial procedures: (1) to seek areas of respon- 
sive myocardium where the threshold for cap- 
ture is very low; (2) to confirm concomitantly 
that the same area of the heart produces R 
waves or P waves of sufficiently high amplitude 
and fast slew rate so as to be easily sensed by 
the generator; and (3) to indicate the choice of 
an appropriate generator for the individual 
situation. The two purposes of testing at re- 
placement or revision operations are to define 
the status of the old generator and to examine 
the leads in terms of threshold, impedance, and 
adequacy of sensing. These data will usually 
provide the explanation for the malfunction, if 
any, and indicate the next step—whether to re- 
place the generator, accomplish appropriate re- 
visions, or abandon the present system in favor 
of an alternative approach. 

Even though there has been no instance in 
this series of a new pulse generator with vari- 
ables outside the manufacturer's specifications, 
this testing should be accomplished to afford 
baseline information. Generator testing at a 
later procedure provides information that is 
also compared against the manufacturer’s spec- 
ifications and against its own earlier baseline. 
A suspicious unit may prove to be functioning 
properly while the actual problem is in the con- 
nections, the leads, the electrode  tip- 
myocardium interface, or the myocardium itself 
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Do. Hj: 
higher than usual threshold may merely have to 
be unipolarized or, under special circum- 
stances, may require a generator with aug- 
mented amplitude or width. Permanently im- 


Conversely, suspicious leads with 


planted leads with measured low-amplitude R 
waves may require a pulse generator with 
higher sensitivity. 

The electrical results of threshold at initial 
implantation indirectly indicate the lead posi- 
tion. Ideal low threshold values together with 
high R wave or P wave amplitudes must mean 
close anatomical electrode tip-cardiac contact. 
Such measurements can almost always be 
achieved by a persistent surgeon at either a 
transvenous or an epicardial operation (see Fig 
3). In the latter procedure, the threshold testing 
probe proved to be especially useful, as has 
been reported by others [17]. Compromised 
results because of time constraints or other 
reasons can alter the long-term prognosis. On- 
the-table electrical analysis with this new easy- 
to-use testing apparatus facilitates proper pri- 
mary lead implantation. 

Published results [12] show that an acceptable 
stimulating threshold voltage at primary opera- 
tions with a 0.5 to 1.3 msec pulse width would 
appear to be 1.0 v or less. The results in this 
series, however, indicate that the threshold can 
always be 0.9 v or less, and that 0.6 v should be 
sought. Acceptable minimum R wave ampli- 
tudes have been reported to be 4.0 to 5.0 mv [2], 
but with persistence, a value of 7.0 mv or more 
can usually be obtained. Thus, the ideal electri- 
cal test results should be guided by a “goal of 
sixes and sevens," a primary threshold of less 
than 0.6 v and an R wave of more than 7.0 mv. 

It should be noted that threshold values ob- 
tained from the constant-voltage and constant- 
current analyzers are not the same. The subtle 
but important electrical differences between 
the two design configurations for permanent 
pacemakers as well as for pacemaker testers to- 
gether with the clinical implications have been 
described recently [2, 14]. It would seem that 
analyzers incorporating both design configura- 
tions should be available for complex situations 
since both types of generators are in wide clini- 
cal use. However, a low threshold value in volt- 
age or current or both of these from a tester of 


Clinical Interpretation of Deranged Lead 
Impedance, with Voltage and Current 

Threshold Measurements 
Higr Impedance (High v with low ma) 


Mechanical attenuation of electrode 

Frank fracture of electrode (tissue fluid 
being the conductor) 

Poor generator-electrode connection 


Low impedance (Low v with high ma) 
Mechanical gap in insulating sheath of 


lead ("short circuit”) 


(High v with high ma) 


Primary procedure: poor positioning 
Secondary procedure: displacement or 
"exit block" 


Normal Impedance 


Varying Impedance (Unstable resultant ma or v) 
Nonfixed electrode tip position 


either configuration means excellent proximity 


to responsive myocardium, and by itself is 
meaningful information. This is the chief rea- 
son for obtaining measurements at primary 
operations—to provide the electrical criteria of 
good anatomical electrode positioning. 

The presently accepted range of “normal” 
lead-electrode impedance is 300 to probably 800 
ohms. Several factors are involved in baseline 
impedance, including the surface area of the 
electrode tip [9]. 

Interpretation of high threshold indicators is 
not difsicult, especially with knowledge of the 
impedance [2, 8]. Four general statements may 
be made (Table). First, high voltage with low 
current means high impedance. This is caused 
by mechanical attenuation of the lead, fracture 
of the lead (see Fig 4) with tissue being the con- 
ductor for a short distance in an intact insulat- 
ing sheath, or a poor generator-lead connec- 
tion. Second, the reverse—low voltage with 
high current—results from low impedance and 
shows an additional dipole or what amounts to 
an electrical shunt or a short circuit. This is due 
to a discontinuity in the insulation (see Fig 5) 
that allows some of the current from the intact 
length of electrode to escape and be wasted. 
Third, high voltage together with high current 
(normal impedance) confirms poor proximity to 
viable myocardium. This fact deserves em- 
phasis. At initial implantation it means poor 
positioning, while at a later procedure, it may 
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mean lead displacement or exit block due either 
to an excessive fibrotic capsule surrounding the 
electrode tip [10] or to subjacent intramyocar- 
dial degenerative changes. Fourth, a varying 
current threshold when the voltage remains 
constant means instability of electrode posi- 
tion. In the latter two circumstances both the 
length of the electrode and its sheath mav be in 
every way intact. 

More sophisticated methods of threshold de- 
termination (‘‘energy” expressed in microjoules 
or “charge” expressed in microcoulombs) have 
broader meaning, especially when one is cal- 
culating safety margins between the perma- 
nent pacemaker output and the determined 
threshold requirement [2, 8], and might become 
clinically applicable in the future. The determi- 
nation of the several rheobase and chronaxie 
values, or the strength-duration curve, plotted 
at each pacemaker procedure have beer advo- 
cated [15, 16] and have provided useful overall 
information. However, the extra time required 
and the fact that a generator with a known pulse 
width has often been preselected would seem to 


„argue against routine measurement of the sev- 


eral thresholds. Usually, a single pulse width 
setting comparable to that of the proposed 
pulse generator would seem to be all that is 
necessary in a routine clinical setting. 

Arguments are made for wave-form analysis 
of the pacer impulse going to the heart cr of the 
intrinsic electrogram coming from the heart. 
The shape of the generator’s pacer spike can 
provide additional useful information about 
impending malfunction not detectable by other 
means, but this requires high-fidelity oscillo- 
scopes that are not generally available. Slew 
rate in the electrogram has been demonstrated 
to be important for proper generator sensing/ 
inhibition [9, 13], but this measurement is simi- 
larly difficult to obtain with easily available 
testing equipment. Neither observation was 
made for the patients in this series. 

A stronger argument can be made for the use 
of a battery-powered or otherwise properly 
grounded electrocardiograph [7] for determina- 
tion of the current of injury and of the vector of 
the ORS complex or the P wave, such informa- 
tion providing confirmation that the tip of an 
endocardial electrode is in proper position 


abutting against the endocardium and has not 
perforated [9, 11, 16]. This maneuver requires 
off-the-table cables, a properly calibrated re- 
cording device, and coordination with extra 
technical personnel, and it would seem that the 
correct conclusions can almost always be drawn 
from the roentgenographic or direct visual ap- 
pearance together with the electrical variables 
from the analyzer. 

Finally, it should be remembered that a re- 
corded low R wave or low P wave may simply 
be due to an orthogonal problem, the vector of 
the electrogram as "seen" through the perma- 
nent leads. This could result in apparent at- 
tenuation of amplitude [1, 9]. Repositioning or, 
in a bipolar system, conversion to a unipolar 
configuration might be required merely to 
achieve a new spatial orientation. 

It is concluded that the concept of electrical 
testing of the total pacemaker system at the 
operating table has important clinical applica- 
bility. This analysis, easy to obtain with the 
pacing system analyzer, provides information 
concerning both generator and lead integrity as 
well as myocardial responses. At primary oper- 
ations, variables can be obtained confirming 
sufficient generator output energy for cardiac 
rhythm capture, ideal positioning of the elec- 
trode tip, and adequate detectable intrinsic 
cardiac energy for appropriate generator inhi- 
bition. At secondary operations, meaningful 
conclusions from electrical pacemaker system 
analysis can be drawn, identifying generator 
malfunction, electrode tip displacement, elec- 
trode fracture, insulating lead sheath disruption, 
exit block, or combinations of these problems. 
Such testing at pacemaker operations would 
seem mandatory to obtain proper system func- 
tion and longevity. 
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Discussion 
DR. PHILIP VARRIALE (New York, NY): The theme of 
Dr. Calvin's presentation is most relevant and cannot 
be emphasized too strongly. Electrical testing with a 
pacing system analyzer permits a comprehensive and 
meaningful approach in establishing a more secure 
pacing system during pacemaker implantation and 
in the diagnosis and management of pacemaker 
complications. 

Since 1973 we have extended the application of 
electrophysiological techniques with a hand-held 
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myocarcial testing electrode (Medtronic 6017 A) espe- 
cially designed for selecting the best pacing site in 
either ventricle. This probe is easily inserted into 
various preselected sites on the exposed ventricle 
during cperation to provide preliminary stimulation 
thresholds and sensing measurements prior to per- 
manent 2picardial lead installation. 

In our studies we have found relatively disparate 
stimulaton properties in each ventricle, including 
sites that were considered suboptimal (> 1.5 volts) 
for pacing. The optimal average thresholds were 
most frequently identified in the lower part of the 
middle t5 anterior wall of the right ventricle and the 
lower anterolateral wall of the left ventricle. The op- 
timal stimulatory measurements (after selection with 
the test probe) were approximately the same for the 
right anc left ventricles. 

A myccardial electrogram is also obtained with a 
high-speed physiological recorder through the test 
probe far a better analysis of the signal available for 
sensing. l'he sensing measurements of the left ven- 
tricle were invariably two to three times greater than 
those of -zhe right ventricle. This finding suggests a 
distinct advantage for left ventricular epicardial pac- 
ing. l 

We have found the myocardial testing electrode 
invaluable in selecting the best available pacing site. 
It also contributes to the integrity of long-term car- 
diac pacing by eliminating indiscriminate insertion 
of the electrode. 


DR. KAMAL MANSOUR (Atlanta, GA): I cannot agree 
more with Dr. Calvin that detailed electrical testing is 
essential to obtain proper electrode function and 
pulse generator longevity. Although controversy re- 
mains regarding epicardial versus endocardial pac- 
ing and ieft ventricular versus right ventricular im- 
plantation, there should be no doubt about the 
importance of intraoperative electrical testing. 

Late failures to pace and sense properly are fre- 
quently the results of a poor implantation site. We 
are proficient in implantation techniques, be they 
endocardial or epicardial, sutured or sutureless. 
Now, more time should be devoted to careful intra- 
operative 2valuation of the implant site. 

At my institution, we also use the Medtronic 
Model 5302, a constant-voltage, variable pulse width 
pacing system analyzer, during acute pacemaker im- 
plantations and pulse generator replacements or re- 
visions. Before it was available, only stimulating cur- 
rent in mi liamperes was measured; we had no idea 
of the required output voltage or electrode imped- 
ance. 

I compliment Dr. Calvin for bringing such a timely 
discussion to the.attention of The Society. 


DR. GERALD M. LAWRIE (Houston, TX): We also have 
used the seme Medtronic analyzer since its introduc- 
tion, and Dur experience has been quite similar to 
that of Dr. Calvin. Of greatest interest to me in this 
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study was the contrast between the fate of the 
epicardially paced group and the transvenously 
paced group. Although both began with comparable 
good lead function, the group with transvenous pac- 
ers ultimately had a late failure rate of 21% compared 
with a late failure rate of 0 in the epicardial group. I 
think when someone like Dr. Calvin obtains these 
sorts of results, it is time to really consider the effi- 
cacy of transvenous pacing, particularly since the 
transvenous lead failure rate he has experienced is 
similar to that at many other centers. 

At our institution we have steadily favored the 
epicardial approach, and since the introduction of 
the left subcostal approach, which I described in 1976 
at this meeting, we now have operated on 160 pa- 
tients using chis procedure. It is extremely safe. We 
have been able to place sutureless screw electrodes 
into either the left ventricle or the septal area of the 
right ventricle. The thresholds obtained have been so 
consistently low that we have not found a need for 
any kind of testing device such as that shown by Dr. 
Naclerio. 

As a result of the Medtronic recall, we have been 
able to accumulate long-term data on some 25 of our 
160 patients. In each, the lead function has been en- 
tirely satisfactory after a mean follow-up of more 
than two years. 

We have been very enthusiastic about epicardial pac- 
ing through a limited approach. To date, we have 
had no deaths in elective procedures, and, in a re- 
view of the literature, we found several other large 
series with zero mortality. It is possible that the trend 
toward more widespread transvenous pacing is due 
to the greater reliability of the epicardial approach. 


DR. G. F. O. TYERS (Galveston, TX): I enjoyed Dr. Cal- 
vin’s presentation and the privilege of previewing 
his paper. He has made a clear and concise presenta- 
tion of essentially optimal methods for intraoperative 
testing of pacemaker systems, methods that in the 
long run conserve the surgeon’s time and increase 
patient safety. 
Although I had not seen it previously described, 
we also use the Doppler flow detector to speed intra- 
operative:testing. A radial Doppler is attached before 
operation and, as threshold is reached, the audible 
signal instar.tly changes to the intrinsic rhythm. The 
operator rarely has to look up from the field, and 
there ‘can be no question about whether or not a 
given pacer spike is associated with capture, an occa- 
sional problem when electrocardiographic tech- 
niques are used alone. Essential threshold, imped- 
ance, and R wave levels can be determined readily 
in two or three minutes. Because impedance is di- 
rectly available with a Telectronics analyzer, a small 
advantage, we use it rather than a Medtronic 
analyzer. Cordis and Biotronik also manufaciure im- 
plant analyzers, and we are currently doing compara- 
tive studies. We have someone at the table record the 


data cna fill-in-the-blank sheet, but in many institu- 
tions where technicians are not always on call, Dr. 
Calvin's "sterile notebook" technique is the only 
way b assure accurate data. 

Ouz results and interpretations are very similar to 
Dr. Calvin's. We also have not found impedance use- 
ful in separating lead displacement from exit block, 
but impedance studies have been very valuable in 
determining whether or not there is an electrode 
break (high impedance) or insulation break (low im- 
pedance). Quite often with a lead fracture, there is no 
surface ECG spike from the pacemaker, and on 2 oc- 
casions we have incorrectly diagnosed pacemaker 
failur2 preoperatively, as occurred in 1 of Dr. Cal- 
vin's patients. Even with no obvious roentgeno- 
grapFic demonstration, electrode impedance testing 
will confirm that a break is present. While at Penn 
State, Mr. Robert R. Brownlee and 1 developed and 
tested in patients a telemetry system for noninvasive 
transtelephonic monitoring of implanted pacers and 
electrodes, which permits postimplant determina- 
tion of stimulation impedance and other critical im- 
plant status factors. Intermedic pacers with this sys- 
tem Fave been implanted at several centers. 

In contrast to the R wave, current, voltage, and 
impedance studies reported by Dr. Calvin, which are 
very valuable to the busy practitioner, wave form 
analysis is probably better reserved for those in- 


terested in research in this area. 


DR. EMIL NACLERIO (New York, NY): At the American 
College of Surgeons' meeting in Dallas, Dr. Varriale 
and | had an exhibit demonstrating use of a myocar- 
dial testing electrode for selection of the optimal site 
for permanent epicardial pacing. We learned then 
that a number of surgeons had performed two, three, 
and even four insertions of sutureless screw-in elec- 
trodes before finding a suitable site for permanent 
implantation. The indiscriminate multiple installa- 
tion of leads could have been avoided if previous 
myocardial mapping with a testing electrode had 
been done. 

A colleague of ours recently implanted a "twist-in" 
double-barbed sutureless electrode (of a type that is 
infrequently used) in the wall of the left ventricle for 
recurrent syncope caused by heart block. Immedi- 
ately following implantation, he obtained no sensing 
measurements and consequently, he elected to re- 
move the electrode. During removal, cardiac ar- 
rhythmias and major hemorrhage occurred and 
proved fatal. If the exploring electrode had been em- 
ploy2d before electrode insertion, death would have 
been averted. 

Rarely, if ever, would Dr. Varriale and I consider 
implanting a pacing electrode in the myocardium 
without first performing electrophysiological tests 
with a myocardial testing electrode. Such easy-to- 
perform studies help select a myocardial site op- 
timum for permanent electrode implantation. 
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DR. CALVIN: Dr. Varriale, I agree with you that some 
of these patients listed as having "exit block" might 
really have had internal displacement or, alterna- 
tively, either partial or through-and-through wall 
penetration by the electrode tip. Exit block in the 
broad sense did seem to occur more frequently in the 
transvenous pacer group. I am an enthusiast for the 
epicardial approach to pacing, but that is not the 
thrust of this paper. I agree with you about the im- 
portance of optimal electrode placement. 

Dr. Mansour, | appreciate your kind remarks, and I 
endorse your emphasis on the implantation site. 
Similarly, Dr. Lawrie, your comments are important, 
but the definitive discussion of epicardial versus en- 


docardial pacing really should be for a different 


paper. Dr. Naclerio, we have all enjoyed your en- 
thusiasm. 

Dr. Tyers, your remarks about constant au- 
diomonitoring of the circulatory status are most ap- 
propriate. We are looking forward to those new 
generators with their capacity for telemetry of multi- 
ple indicators of pacemaker function. I am pleased 
that these will include impedance. This paper em- 
phasized detailed electrical testing at the operating 
table; soon you will be able to provide us the oppor- 


tunity for detailed electrical testing noninvasively 
after operation for both short- and long-term 
follow-up. One additional comment: at first it was 
nights or weekends in particular, when the car- 
diologis- or hospital technician (or, worse, the man- 
ufacture-’s representative) was not available for at- 
tendance at an emergency operation, that | found it 
most convenient to be able to do my own testing and 
recording of results on the sterile field. Now it is 
routine zor all procedures. 

I suggest that new generations of analyzers be de- - 
signed tat are able to measure both generator out- 
put by selection in either volts or milliamperes and 
lead threshold by selection of either a constant- 
voltage or a constant-current configuration, have a 
demand mode, and measure impedance directly with 
an ohmmeter. Also, they should have the sophistica- 
tion to detect the P wave (and measure it down to a 
millivolt, be able to measure the QRS vector and 
detect a current of injury, and allow the permanent 
generator to pace the leads through the analyzer with 
an arrangement for incremental voltage or current at- 
tenuatioa. Perhaps they also should record in rate 
(rather than interval), have an easier battery check, 
and be still smaller and lighter. 


CASE REPORT 


Normal Cardiac Function with a Hybrid Heart 


Jacques G. Losman, M.D., Antonio Curcio, M.D., and Christiaan Barnard, M.D. 


ABSTRACT A left ventricular bypass procedure 
using a cardiac allograft was performed in a patient 
with a long history of rheumatic heart disease and 
two aortic valve replacements. Normal cardiac func- 
tion was reestablished, and the only problem follow- 
ing transplantation was that of serious arrhythmias 
involving the recipient heart. Eighteen months after 
left ventricular bypass bacterial endocarditis which 
was resistant to medical treatment developed on the 
aortic prosthesis. The patient underwent operation, 
the prosthesis was removed, and the recipient left 
ventricle was partially resected and excluded from 
the circulation. Since then the patient has been 
asymptomatic and, at the time of writing three years 
after cardiac allograft, he is our longest survivor. 


Since November, 1974, heterotopic cardiac 
transplantation has become the treatment of 
choice in our unit for patients in intractable 
ventricular failure [1, 2, 7]. Initially developed 
to overcome the problem of severe pulmonary 
hypertension occurring in patients after or- 
thotopic cardiac transplantation, this new tech- 
nique has many other advantages over the orig- 
inal method of cardiac grafting [3, 8]. The first 2 
patients who underwent heterotopic cardiac 
transplantation received a left ventricular by- 
pass graft only (Fig 1), but the technique has 
since been modified to allow bypass of the right 
and left ventricles (Fig 2). 

The purpose of this report is twofold: to pre- 
sent the case of a patient in whom normal car- 
diac function was reestablished and maintained 
following left ventricular bypass transplanta- 
tion in spite of the fact that part of the recipient 
heart was removed following a life-threatening 
complication, and to discuss the clinical course 
and management of this patient, at the time of 
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writing our longest survivor with a heterotopic 
cardiac allograft. 


The patient, a 47-year-old man, had his first 
attack of acute rheumatic fever when he was 12 
years old and a second severe episode when he 
was 25. He remained asymptomatic for 10 
years. Then in 1965 he experienced mild short- 
ness of breath and reduced effort tolerance. 

Three years later he was referred to the Car- 
diac Clinic at Groote Schuur Hospital because 
of severe symptoms. A diagnosis of moderate to 
severe aortic incompetence was made but was 
considered insufficient to account for the sever- 
ity of the symptoms. These, together with an 
extreme degree of cardiomegaly and left ven- 
tricular hypertrophy, suggested an associated 
nonobstructive hypertrophic cardiomyopathy. 

Despite medical therapy the patient's condi- 
tion deteriorated rapidly, and in March, 1969, 
the aortic valve was replaced with a No. 24 Uni- 
versity of Cape Town aortic prosthesis. The, 
operation was complicated by a fungal endocar- 
ditis (Monilia guilliermondi), resistant to intra- 
venously administered amphotericin and high 
doses of 5-fluorocytosine. Due to the persistent 
infection and multiple embolic episodes 
(mesenteric, tibial, and cerebral), it was de- 
cided to replace the prosthesis in August. At 
operation, fungal material was identified, the 
valve and all infected tissue were excised, and a 
new University of Cape Town aortic prosthesis 
was inserted. Postoperative progress was slow, 
but by the end of 1969 the patient was asymp- 
tomatic and able to return to full employment. 
Although a trivial early diastolic murmur of aor- 
tic incompetence was present and the car- 
diomegaly remained unchanged, the patient’s 
condition was stable until mid-1972. 

In 1972 he became symptomatic, complaining 
of shortness of breath and fatigue. Digitalis and 
diuretics were restarted. During 1973 his condi- 
tion gradually worsened, and he experienced 
marked reduction in effort tolerance. On exam- 
ination it was found that the heart had in- 
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L A. Anastomosis 


PA to RA Anastomosis 


Donor 


Fig 1. Anatomy and hemodynamics of left ventricle 
bypass transplantation. (RA = right atrium; RV = 
right ventricle; Ao = aorta; PA = pulmonary artery; 
SVC = superior vena cava; IVC =-inferior vena cava; 
LA = left atrium; LV = left ventricle.) 


creased in size, the apex being in the sixth 
intercostal space at the midaxillary line. Auscul- 
tatory findings were unremarkable except for a 
trivial murmur of aortic incompetence. The 
electrocardiogram showed sinus rhythm, first- 
degree heart block, a mean QRS axis of +50 


Fig 2. Anatomy and hemodynamics of right and left 
ventricle bypass transplantation. (Abbreviations same 
as for Figure 1.) 


AORTIC Anastomosis 


RA and SVC 
Anastomosis 









Donor 
LA Anastomosis 


Recipient 


Aortic Anastomosis 


degrees left bundle-branch block, and severe, 
left venzricular strain. A chest roentgenogram 
confirmed massive cardiomegaly and severe 
pulmonary venous congestion. 

Cardiac catheterization (Table) in July, 1974, 
confirmed the presence of severe left ventricular 
failure and marked deterioration of left ven- 
tricular function since the replacement of the 
aortic valve 6 years earlier. The left ventricular 
end-diastolic pressure had risen from 17 to 34 
mm Hg. pulmonary wedge pressure, from 9 to 
45 mm Hg; and pulmonary hypertension, from 
a systol-c pressure of 34 to 87 mm Hg. There 
was no gradient across the aortic prosthesis, 
and angiography revealed trivial aortic incom- 


GRAFT from 
DONOR PA to 
RECIPIENT PA 


Recipien- 
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Recipient's Heart Hemodynamic Data 


Before Before 
AVR Transplantation 
Factor (December, 1968) (July, 1974) 
PA (mm Hg) 34 87 
PAWP (mm Hg) 9 45 
LVEDP (nm Hg) 47 34 
CO (L/min) 6.3 4.2 
PVR (units/m?) 2:2 59 
EF 21.5 16.9 


Before After 

Recipient's Recipient's 
Afte- Heart Heart 
Transplantation Resection Resection 
(January, 1975) (June, 1976) (February, 1977) — 
29 27 38 
13 7 
15 12 ttr 
8.2 5.4 5.4 

17 1.8 


0.4 


AVR = aortic valve replacement; PA = pulmonary artery peak pressure; PAWP = pulmonary artery wedge pressure; 
LVEDP = left ventricular end-diastolic pressure; CO = cardiac output; PVR = pulmonary vascular resistance; EF = ejection 


fraction. 


petence and a poorly contracting, very dilated 
left ventricle. Ejection fraction was markedly 
reduced. 


Left Ventricular Bypass 
A left ventricular bypass procedure was per- 
formed on December 31, 1974. The striking fea- 
tures noted at operation were an extremely di- 
lated left ventricle and severe emphysema of the 
lungs. The aortic prosthesis was found to be in 
satisfactory condition. A small perivalvular leak 
was repaired, the mildly worn Silastic poppet 
was replaced, and a small fibrin deposit was 
cleaned from the metallic strut. A left ventricu- 
lar bypass was then established using a donor 
heart as previously described [2]. 

Postoperative recovery was rapid and une- 
ventful. The patient's circulatory status without 
any supportive therapy was excellent with 
normal atrial pressures. A small air leak, proba- 
bly due to rupture of an emphysematous bulla, 
was noticed the first day after the procedure. 
Persistence of the leak necessitated repair 
through a limited right thoracotomy on the 
fourth postoperative day. The patient was dis- 
charged 6 weeks later and soon returned to 
work. A chest roentgenogram revealed both 
hearts side by side and the lungs fully ex- 
panded. At that time, hemodynamic study [4] 
demonstrated a major reduction in pulmonary 
artery wedge pressure with an increase in rest- 
ing cardiac output (see the Table). 

The only problem during the first year follow- 
ing transplantation was that of repeated serious 


ventricular arrhythmias involving the recip- 
ient’s own heart. Several episodes of ventricular 
fibrillation (Fig 3) and tachycardia occurred 
with minimal symptoms even though the right 
side of the graft heart was not maintaining sys- 
temic venous drainage. During these episodes 
the patient experienced slight discomfort and 
fatigce but was able to drive to the hospital. 
There, sinus rhythm was reestablished with 
intravenous infusion of lidocaine and car- 
dioversion. Ventricular irritability was not pre- 
vented by increased doses of quinidine (even- 
tually 2 gm a day, with blood levels of 2.8 to 3.9 
mg per 100 ml of blood). Repeated Holter re- 
cordings failed to detect ventricular fibrillation 
or tachycardia, but did demonstrate sinus 
rhythm with occasional atrial and ventricular 
premature complexes and short periods of ven- 
tricular parasystole. Treatment was changed to 
a high dosage of disopyramide, and no further 
dysrhythmias were noted. 

Eighteen months after transplantation the pa- 
tient was readmitted with clinical signs of acute 
bacte-ial endocarditis, probably complicating a 
small infected skin lesion. Auscultation sug- 
gested that the aortic prosthesis was throm- 
bosec. This was confirmed by a carotid pulse 
trace and phonocardiogram. Cardiac catheter- 
ization demonstrated thrombosis of the recip- 
ient aortic root, patent coronary artery ostia, 
and nonfunction of the recipient left ventricle. 
Staphylococcus aureus was repeatedly cultured 
from blood samples, and after 2 weeks of ap- 
propriate antibiotic therapy, it was obvious 
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Fig 3. Electrocardiogram made during an episode of ven- 
tricular fibrillation of the recipient's heart. (D = donor - 
QRS complexes.) 


that the infection was not under control. The 
patient underwent operation. 

The procedure consisted of removal of the 
prosthesis and all infected thrombus and ne- 
crotic tissue from the aortic root. The aortic root 
was closed with the anterior leaflet of the mitral 
valve, and the mitral orifice was closed by di- 
rect suture. Most of the free wall of the left ven- 
tricle was excised; only enough tissue to cover 
the septum and avoid a blind pouch was left 
(Fig 4). 

The immediate postoperative course was 
completely uneventful, and the infection was 
quickly controlled. A month later the patient 
had massive gastric hemorrhage from an acute 
ulcer, necessitating transfusion of more than 10 
liters ot blood. The episode was managed con- 
servatively and treatment with cimetidine was 
successful. The patient was discharged eventu- 
ally and in September was able to return to 
full-time employment. Since then he has ex- 
perienced no further major complications and 


at the time of writing, 34 months after 
heterot-pic cardiac transplantation and 16 
months after removal of the recipient left heart, 
the patient is our longest survivor. He is lead- 
ing an active life with the so-called hybrid 
heart, the right and left ventricles functioning 
indeperdently of each other. 


Clinical Course and Management 
Hemody1amic Evaluation following 

Heterotapic Transplantation 

Analys of aortic pressure curve and flow ve- 
locity p.ilses indicated that both left ventricles 
were contributing to forward flow during se- 
quentie. contractions (Fig 5A). During syn- 
chrono-s contraction the velocity probe 
showed a steep negative deflection that sug- 
gested -etrograde flow from the donor heart 
into the recipient's aortic root and coronary ar- 
teries (Fig 5B). These data demonstrated that 
during synchronous beating, forward flow from 
the rec-Dient heart was seriously impeded as a 
result of competition in diastolic filling. The 
normal and compliant donor left ventricle filled 
preferentially, whereas the increased aortic im- 
pedance generated by the donor ejection fur- 
ther hampered output of the recipient left ven- 
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Fig 4. Reoperation for acute bacterial endocarditis on rior leaflet of the mitral valve. (C) Stage 2: excision of 
the aortic prosthetic valve of tke recipient heart. (A) the greater part of the free wall of the left ventricle after 
Preoperative anatomy. (UCT = University of Cape closure of the aortic root with the anterior leaflet of the 
Town.) (B) Stage 1 of the operation: excision of ihe aor- mitra’ valve. (D) Stage 3: closure of the mitral valve 

tic prosthesis, detachment of the anterior leaflet of the orifice by direct suture and application of the remaining 


mitral valve from its chordae, and excision of the poste- — free wall of the left ventricle to the septum. 
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Fig 5. Pressure and velocity recordings during synchro- 
nous and sequential beats done 6 weeks following 
heterotopic cardiac transplantation. Velocity probe in 
(A) transplant aorta, (B) recipient aorta. (D = donor 
ORS complex; R = recipient QRS complex.) 


tricle. Peak systolic pressure of the recipient left 
ventricle was insufficient to open the aortic 
prosthesis during synchronous beats. 


Hemodynamic Evaluation following Recipient 
Left Ventricle Resection 

Cardiac catheterization (see the Table) 6 months 
after resection of the recipient left ventricle 
demonstrated normal resting cardiac output, 
normal donor left ventricular pressures, and 
normal right-sided pressures. A left ventric- 
ulogram of the donor heart revealed a small 
ventricle contracting well, and a coronary an- 
giogram showed its vessels to be normal. 


Right heart function was carried entirely by 
the recipient right heart, the left heart function 
being carried by the donor left heart. The dif- 
ferences in heart rates and the dissociation of 
right and left cardiac cycles did not affect the 
hemodvnamic variables at all. The hybrid heart 
provided normal cardiac function. 


Immunological Tolerance of the Donor Heart 
lmmunosuppression was maintained with 
methylprednisolone and azathioprine. During 
the first 4 weeks after transplantation, horse 
antihuman lymphocyte globulin, 1,500 mg, was 
admin:stered intravenously every day, was re- 
duced :o 1,000 mg daily for the following 2 
weeks, and then was discontinued. Anticoagu- 
lation was maintained with intravenous admin- 
istraticn of heparin and later with warfarin. 
Dipyricamole was given in an attempt to min- 
imize the development of graft arteriosclero- 
sis [6]. 


"m 
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Fig.6. Recipient and transplant heart ECG voltage vari- 
ation over a period of 32 months since cardiac trans- 
plantation. 


At no time did the patient show any signs of 
severe acute rejection. However, three episodes 
of electrocardiographic voltage drop in the 
donor heart occurred, and 16 months after 
transplantation an endomyocardial biopsy con- 
firmed very mild rejection. The latter disap- 
peared after intravenous administration of 
1,000 mg of methylprednisolone and a moder- 
ate increase of the oral steroid regimen during 
the following weeks. A second biopsy 12 
months later (Fig 6) was normal, and the treat- 
ment was not altered. The drop in electrocar- 
diographic voltage persisted but the patient's 
clinical condition remained excellent until June, 
1977, when he was admitted with a ten-day his- 
tory of lassitude, reduction in effort tolerance, 
and ankle swelling. Mild signs of congestive 
failure were found on examination, and the 
electrocardiographic voltage of the graft 
showed a major drop. An endomyocardial bi- 
opsy demonstrated mild to moderate evidence 
of rejection. The myofibers appeared vacuo- 
lated and showed frequent contraction bands, 
there was evidence of edema, and there were 
isolated Iymphocytes and plasmatoid cells. A 
notable feature was the presence of areas of re- 


placement fibrosis. The patient was discharged 
the next day and was treated as an outpatient 
with one dose of 100 mg of methylprednisolone 
and another increase in the oral steroid regi- 
men. All clinical signs disappeared within 48 
hours, and the donor heart voltage increased 
sigr.ificantly. 


Comment 


Although markedly incapacitated at the end of 
1974, the patient did not fulfill our criteria for 
orthotopic cardiac transplantation. Based on 
the New York Heart Association Functional 
Classification, he was in advanced Class III but 
could still manage a limited professional activ- 
ity. We thought his chance of survival following 
orthotopic grafting in 1974 was no better than 
the probable natural course of his condition [5] 
and decided to perform a left ventricle bypass 
because the advantages of this technique ap- 
peared to make transplantation less hazardous. 

The patient presented here illustrates the effi- 
cacy of this new procedure in restoring normal 
cardiac function but also stresses the potential 
dangers that may arise from the diseased re- 
cipient heart. The repeated episodes of ven- 
tricular arrhythmia in the patient's own heart 
emphasized the need to connect the right side 
of the donor heart so that right heart function 
could be maintained. In all subsequent het- 
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erotopic transplantations this has been done 
systematically. The recipient heart was also the 
source of a threatening bacterial infection. The 
risk of infection on the prosthetic valve was al- 
most certainly increased by the reduced flow 
and local stagnation in the recipient aorta as 
well as by the immunosuppressive treatment. 
Eventually the endocarditis was successfully 
controlled, at the cost of the recipient left ven- 
tricle. Loss of the left ventricle was of minor 
importance in this instance since the high-risk 
period for acute rejection of the donor heart had 
passed. A possible complication related to the 
recipient heart could be thrombosis in the left 
ventricle with systemic embolization despite 
anticoagulation, but this did not occur in any of 
our 16 patients who have undergone cardiac 
transplantation. 

From the immunological standpoint, the ab- 
sence of any severe episode of acute rejection in 
spite of poor matching of histocompatibility an- 
tigens (HLA) between donor and recipient may 
be related to the multiple blood transfusions re- 
ceived by our patient prior to transplantation. It 
has been suggested [10] that this produces a 
beneficial effect on the tolerance of a trans- 
planted organ if humoral lymphocytotoxic anti- 
bodies do not develop in the recipient. Either 
our patient may be a “‘nonresponder” to this 
immunological challenge or the repeated trans- 


fusions may have induced some degree of 


"nonreactivity" through a complex mechanism 
of tolerance or enhancement by blocking anti- 
bodies [9, 10, 12]. This patient, our longest sur- 
vivor at 844 years after cardiac transplantation, 
had multiple cardiac operations and many 
transfusions before transplantation. 

The influence of HLA matching on frequency 
of rejection or survival following cardiac trans- 
plantation is still unknown, probably because of 
a paucity of donors. In none of our transplant 
patients was there more than one major antigen 
in common between donor and recipient; all 
had two, three, or four mismatches [11]. 

As illustrated in the present patient, a 
heterotopic allograft has specific dangers of 
arrhythmias, sepsis, and thromboembolic 
phenomena. But the advantages of heterotopic 
cardiac transplantation over.orthotopic cardiac 


replace-aent outweigh those dangers. It permits 
cardiac 2rafting in patients with severe hyper- 
tension and is safer because it allows the recip- 
ient’s heart to provide a built-in assistance de- 
vice fo- the donor heart should graft failure 
occur dce to acute rejection. The patient's circu- 
lation can be maintained during recovery of the 
graft or should the rejected graft be removed 
to be fc_lowed by elective second transplanta- 
tion. Heterotopic cardiac transplantation has 
changed the prospect of cardiac transplantation 
from a bazardous life-saving attempt for a des- 
peratelv ill patient to a less risky intervention 
that can >e offered to patients with NYHA Class 
III disat_lity. 
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HOW TO DO IT 


Sinus Venosus Atrial Septal 


Defect Associated with Partial Anomalous 
Pulmonary Venous Drainage: Surgical Repair 


A. Norman Lewin, M.D., Claudio Zavanella, M.D., and S. Subramanian, M.D. 


ABSTRACT This report describes a new technique 
for the repair of sinus venosus atrial septal defect 
associated with partial anomalous pulmonary ve- 
nous drainage. A right atrial wall flap is used both to 
deflect the anomalous venous blood into the left 
atrium and to close the atrial septal defect. Then an 
atrioplasty is performed. This method does not em- 
ploy any foreign materials, avoids injury to the 
sinoatrial node and internodal tracts, and minimizes 
the risk of obstruction of the ostia of the anomalous 
pulmonary veins and superior vena cava. 


Ten percent of patients with atrial septal defects 
have, as an associated feature, partial anoma- 
lous pulmonary venous drainage. The atrial 
septal defect may be of the sinus venosus type 
or the secundum type [5]. Several reports in the 
literature have considered the surgical correc- 
tion of this problem [1-4, 6-8]. 

In 1977, we employed a technique, which 
has not been previously reported. It was used 
in 2 patients, a boy 6 years old and a girl 14 
years old. In each patient, the branches of the 
right superior pulmonary vein drained into the 
superior vena cava slightly above its junction 
with the right atrium. 


Method 

Median sternotomy, cardiopulmonary bypass, 
and total body hypothermia to 32°C are em- 
ployed. The superior vena cava is cannulated 
cephalad to the points of entry of the branches 
of the right superior pulmonary vein. In 1 pa- 
tient, cardioplegic solution was continuously 
infused into the root of the aorta after aortic 
clamping. 


From the Department of Cardiovascular Surgery, Children's 
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The atriotomy is begun at the tip of the right 
atrial appendage, extended along the anterior 
surface of the superior vena cava, and termi- 
nated at the right margin of this vessel, be- 
tween the azygos vein and the right superior 
pulmonary vein (Fig 1A). In this way, the rela- 
tionship between the ostia of the right superior 
pulmonary vein, the superior vena cava, and 
the atrial septal defect is exposed (Fig 1B). 

Beginning cephalad, the repair is constructed 
with 4-0 Prolene by suturing the inferior mar- 
gin of the atriotomy to the posterior wall of the 
superior vena cava and progressing to the mar- 
gin of the atrial septal defect. An extension of 
the atriotomy is made, overlying the inferior 
margin of the defect (Fig 1C), and the suture 
line is completed as shown in Figure 1D. 
Atrioplasty is then performed using an ad- 
vancement flap of the right atrial appendage 
(Fig 1D, E). 

Cardiac catheterization was done and angio- 
grams were made four and six months after op- 
eration for each patient. There were no residual 
shunts and the intracardiac pressures were 
normal. The sinus node recovery time was 
normal as were the recordings of the bundle of 
His. Figures 2 and 3 are selected frames from 
the angiograms of 1 of the patients. 


Comment 

Various surgical procedures have been pro- 
posed for correction of partial anomalous pul- 
monary venous drainage and atrial septal defect 
[1-4, 6-8]. In some, plastic procedures are per- 
formed on the atrial septum [1, 2, 6, 7], while in 
others, patches of Dacron [4] or Ivalon sponge 
[6] are used to deflect the anomalous venous 
blood into the left atrium and close the defect. 
In the technique reported here, the wall of the 
right atrium is fashioned as an onlay patch. It 
simultaneously redirects blood from the right 
superior pulmonary vein into the left etrium 
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Fig 1. (A) An atriotomy is performed along the dashed 
line. (AV = azygos vein; SPV = right superior pulmo- 
nary vein; LA = left atrium; IPV = right inferior pul- 
monary vein.) (B) Interior of the right atrium. The 
superior margin of the atrial septum is deficient. The 
superior vena cava overrides both atria. Tributaries of 
the right superior pulmonary vein enter at the atrio- 
caval junction close to the atrial septal defect. (C) 


The repair. Continuous 4-0 Prolene suture approximates 
the lower margin of the atriotomy to the posterior wall 
of the superior vena cava cephalad and to the margin of 
the defect -audad. (Dashed line = extension atriotomy.) 
(D) The cempleted repair. The points a, b, and c help 
demonstrate the suturing of the atrioplasty. (E) The 
atrioplasty. 
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Fig 2. (A) Injection into the superior vena cava outlines 1. No foreign materials are used. 


the right atrium in diastole. There is no narrowing of 2. Danger to the sinoatrial node is avoided 
the superior vena cava. (B) Right atrial contraction. 


There is no narrowing of the superior vena cava. since the incision at that level is medial to 


the node. 

3. Because the atrial septum is not incised, in- 
jury to the internodal tracts is avoided. As a 
result, the incidence of atrial conduction de- 
fects, a major complication in one series [3], 
should be minimal. 

4. Tension on the suture lines is obviated be- 
cause the wall of the right atrium is pliable 
and easily mobilized. This decreases the 
likelihood of distortion and obstruction of 
the ostia of the right superior pulmonary 
vein and superior vena cava, and makes de- 
hiscence of the repair less likely. 
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Fig 3. Left atrial injection. The atrial septum is intact. 
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Left Axillary 


Incision 


(Minithoracotomy) for PDA Division 


Juro Wada, M.D., Hiroshi Ajiki, M.D., and Ichiro Kitano, M.D. 


ABSTRACT From 1955 to 1975, 417 patent ductus 
arteriosus (PDA) operations were performed at Sap- 
poro Medical University. The last 118 operations 
(28.3%) were done by division through the left axil- 
lary incision without mortality. 

Forty patients were less than 2 years old and 14 
were less than 1 year old. The ratio of girls to boys 
was 3.5:1. Because the majority of patients with 
PDA are girls, parents commonly show considerable 
concern over the size of the operative scar. Our clini- 
cal experience demonstrates clearly the feasibility 
and safety of an axillary incision in dividing a PDA, 
even in premature infants. A minithoracotomy 
through the axilla is recommended. 


In recent years, the age of patients undergoing 
operations for congenital heart disease has been 
increasingly lower [3, 4], and now even prema- 
ture infants undergo such procedures. Because 
patent ductus arteriosus (PDA) is common in 
girls [5], the size and site of the surgical incision 
must be considered carefully. 


Material, Method, and Results 
From February, 1955, to December, 1975, 417 
PDA operations were performed at the Depart- 
ment of Thoracic and Cardiovascular Surgery of 
Sapporo Medical University. The last 118 opera- 
tions (28.3%) were done through a left axillary 
incision. Among these 118 patients were 4 with 
complicated PDA and 8 with pulmonary hyper- 
tension (PP, = 0.75). The patients ranged 
from 6 months to 14 years old; approximately 
70% were less than 6 years old. There were 92 
girls and 26 boys, a ratio of 3.5:1 (Fig 1). Of 
these 118 patients, 2 were siblings. 

The patient is placed in the left lateral de- 


From the Department of Thoracic and Cardiovascular Sur- 
gery, Sapporo Medical University and Hospital, Sapporo, 
Japan. 

Accepted for publication Aug 29, 1977. 

Address reprint requests to Dr. Wada, Heart Institute of 
Japan, Tokyo Women’s Medical College, Kawada-cho 10, 
Shinjuku, Tokyo 162, Japan. 


189  0003-4975/78/0026-0213$01.00 © 1978 by Juro Wada 


cubitus position and a vertical incision is made 
in the left axilla. A blunt dissection is per- 
formed between the latissimus dorsi and an- 
terior serratus muscles. The pleura is then en- 
tered through the third intercostal space. Use of 
two retractors produces an adequate operative 
field (Fig 2). With care being taken to avoid 
damaging the recurrent laryngeal nerve, the 
PDA is exposed. The ductus is clamped with 
four vascular clamps and is sewn between the 
second and third clamps. Two rows of over- 
and-over sutures are used to complete the divi- 
sion. The thoracotomy is closed, leaving a small 
tube connected to an underwater drainage bot- 
tle. 

There were no early or late postoperative 
deaths. Four patients experienced moderate 
operative bleeding; 2, temporary atelectasis; 
and 4, transient hoarseness. 


Comment 

In recent years the age of patients undergoing 
operation to close a PDA has been decreasing 
[4]. At our institution during the period 1972 
through 1977, the mean age at operation was 3.2 
years. Espino-Vela and associates [2] reported 
in 1968 that of 810 patients, 144 were less than 2 
years old. In 1971 Panagopoulos and co-workers 
[7] wrote that 245 out of 936 patients were less 
than 1 year old. Of our 118 patients treated by 
left axillary incision and division, 41 (34.796) 
were less than 2 years old and 14, (11.8%) less 
than 1 year old. 

The mortality rate in our 417 PDA opera- 
tions was 2%. Of those 417 patients, 95.2% 
were treated by division of the ductus. Jones [4] 
reported a mortality rate of 0.9% in 642 patients 
with simple PDA. Waterman and associates [9] 
treated 1,659 patients by division; the mortality 
rate was 2.1%. These PDA mortality rates indi- 
cate that there is no difference in results be- 
tween ligation and division of the ductus. 

In 1952 Browne [1] introduced a thoracotomy 
procedure for PDA involving a left axillary inci- 
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Fig 1. Sex and age at operation. 


Fig 2. Two small chest-wall retractors are used to 
expose the patent ductus arteriosus. If needed, 
gentle traction with fine rubber tape is carefully 
employed. 
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sion through the third intercostal space. Of the 
936 infants treated by Panagopoulos and co- 
workers [7], 20% received an axillary incision. 
Murphy and associates [6] reported that PDA 
ligation through an axillary incision was per- 
formed in 15 out of 52 premature infants. On 
our own service an axillary incision has been 
the method of choice in all noncomplicated 
PDA procedures and has been called a 
minithoracotomy. 

To facilitate the axillary incision, Browne [1] 
used a special retractor to widen the operative 
field. We have been satisfied with using two 
conventional small retractors (see Fig 2). The 
better the exposure of the operative field, the 
more feasible is meticulous surgical division of 
the PDA and the less likely are operative bleed- 
ing and other complications to occur. The 
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majority of patients with PDA are girls, and it is 
common for parents to be concerned over the 
size and visibility of the operative scar. 

The catheter technique of Porstmann and as- 
sociates [8] for obliteration of the PDA elimi- 
nates thoracotomy and is the ideal operation 
from a cosmetic standpoint. However, this 
method requires a femoral artery more than 4 
mm in diameter and a patent ductus with a 
smaller diameter than that of the femoral artery. 
Thus it excludes younger children and infants 
whose PDAs should be closed as early as possi- 
ble, or so recent developments suggest. 

Our clinical experience indicates clearly the 
feasibility and safety of the axillary incision, the 
minithoracotomy, in dividing a PDA, even in 
neonates. The resulting scar is minimal in size, 
does not tend to keloid formation, and is well 
hidden under the arm. Long-term follow-up 
has revealed no complications such as aneu- 
rysm formation or heart failure. Our years of 
clinical experience lead us to recommend PDA 
division by an axillary incision or minithora- 
cotomy even in neonates and young infants. 
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Editor's Note 

The Editor pleads that traction not be placed on the 
recurrent laryngeal nerve or on the vagus nerve 
above it. The authors noted transient hoarseness in 4 
of their patients postoperatively. 


REVIEW OF RECENT BOOKS 


Emergency-Room Care (3rd ed) 

Edited by Charles Eckert, M.D. 

Boston, Little, Brown and Company, 1976 
480 pp, illustrated, $17.50; paper, $12.50 


Reviewed by Emil A. Naclerio, M.D. 


Emergency-Room Care is one of several books de- 
signed to present specific guidelines and definitive 
plans of action for immediate emergency room care 
and treatment of the acutely ill and critically injured 
patient. It is a handbook for quick reference, avail- 
able in paperback to permit easy storage in the out- 
patient treatment clinic or emergency room. 

In this third edition (the first was published in 
1967), the editor attempts to maintain his original 
objective to make the book a reference source for pro- 
fessional personnel in emergency departments. The 
manual covers practically every conceivable emer- 
gency situation—from neonatal respiratory dis- 
tress to vascular emergencies in the elderly. Particu- 
larly important is a new first chapter on the 
emergency treatment of the injured at the scene of an 
accident and transportation of the ill and injured. 
The treatments and protocols presented are those 
rendered in the emergency room of the Albany Med- 
ical Center Hospital. Lengthy discussions of alterna- 
tive methods have been avoided. Each chapter is 
written in a clear and concise manner by an acknowl- 
edged expert in the field. 

The chapter entitled "The Severely Injured Pa- 
tient" considers primary key steps in emergency care 
according to the order of priority, prompt team re- 
sponse and selection of a team captain, and requests 
for appropriate consultative specialty services. The 
chapters concerning principles in wound manage- 
ment, cardiac emergencies, neurological afflictions, 
orthopedic injuries, and care of the unconscious pa- 
tient are quite informative. 

The chapter on thoracic emergencies (my field of 
surgical interest) is well done. Excellent illustrations 
depicting emergency diagnostic and therapeutic 
techniques are included. Aspects of tracheostomy 
and cuffed endotracheal tube intubation that predis- 
pose to tracheal stenosis, tracheoesophageal fistula, or 
trachea-innominate artery fistula are discussed. 
Newer concepts of treating multiple rib fractures 
with flail phenomenon and underlying pulmonary 
contusion are considered. The role of emergency 
room thoracotomy in the resuscitative therapy of cer- 
tain patients with critical thoracic trauma is em- 
phasized. 

The last chapter, new to this edition, deals with 
drug abuse, a problem found in patients from all 
strata of society. The symptoms and effects of drugs 
and treatment measures for handling overdose and 
withdrawal are described. 

This book is one of the best handbooks of its kind. 
I strongly recommend it for emergency room per- 
sonnel, medical and surgical house officers, and 
practicing physicians who at any time may be sud- 
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denly confronted with a life-threatening calamity. It 
should be readily available in all emergency rooms 
and acute care units. 


New York, NY 


Physiology for the Anesthesiologist 
By Nishan G. Goudsouzian, M.D., 

and Agop Karamanian, M.D. 
New York, Appleton-Century Crofts, 1977 
405 pp, wdustrated, $22.50 


Reviewed by Edward J. Bennett, M.D. 


In the preface, the authors state their goal in writing 
this bock. “The aim of this book is to provide anes- 
thesiolozists with an outline of physiology so that 
they car understand and evaluate in a scientific man- 
ner the changes in physiologic parameters that occur 
during the administration of an anesthetic." The au- 
thors achieve their aims very well. Five main areas are 
discussed: circulation, respiration, the nervous sys- 
tem, limited endocrine physiology, and the kidney 
and body fluids. Consequently, many areas of 
physio.ogy are not covered in this monograph. 

There has been a need for a text that would satisfy 
the requirements of anesthesiologists in the physiol- 
ogy of those systems in which specific expertise is 
required. The authors of this book set out to meet this 
need and succeeded. Indeed, their volume encom- 
passes all those areas in which surgery interferes with 
functicn, making the book also of interest to sur- 
geons. Very little cannot be directly related to patients 
in the perioperative period. 

The book is by no means a "primer." The material is 
covered in detail, and it is assumed the reader has 
preliminary groundwork in the subject. The drawings 
and the explanations are lucid and concise. Some 
drawinzs were done freehand and the lines may wob- 
ble a little, but the meaning is clear. 

The text will be of immense benefit to anes- 
thesiologists and surgeons early in their careers. The 
material presented should allow the principles, rec- 
ognition, and interpretation of the data on a patient 
being monitored to be applied to the patient. In this 
manner, the pathophysiology of certain diseases is 
included. 

The reference material was chosen judiciously, and 
fortunately does not comprise the exhaustive lists that 
appear in many books. Because they were carefully 
selected, many references are the older, established, 
and proved ones. 

There are a few mistakes, notably in some of the 
legends, and in some diagrams the labeling is faint 
These minor criticisms, however, do not detract from 
the book. It can be highly recommended for ail per- 
sons wishing to know or to review the physiology of 
patients under anesthesia in the operating room. The 
book is readable and its size is very convenient, re- 
flecting the astute choice of material presented. 


Chicago, IL 


CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 36, university trained 
in all aspects of cardiovascular and thoracic surgery, com- 
pleting additional fellowship in cardiovascular surgery, 
seeks position in group or association leading to partner- 
ship. Special interest in adult cardiac and peripheral vascu- 
lar surgery. Available July 1978. No geographic preference. 


Please respond to W-94, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 31, completing resi- 
dency in June 1978, at large medical center in New Jersey, 
desires position in thoracic and cardiovascular surgery. 
FLEX, ABS certified, FRCS(E). Will consider all geograph- 
ic locations. 


Please respond to W-98, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 38, Board certified, 
university trained, seeks association in group practice or 
partnership. Broad experience in all aspects of cardiac, vas- 
cular, and thoracic surgery in private and academic settings 
for more than 7 years. 


Please respond to W-102, The Annals of Thoracic Surgery 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 35, ABS and ABTS certified, seeks 
group association or academic position on East coast. Pres- 
ently on medical school faculty. 


Please respond to W-116, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


ABS-certified thoracic and cardiovascular surgery resident 
finishing training at University of California, Irvine, seeks 
association/partnership with active cardiothoracic group or 
academic appointment. Available July 1978. 


Please respond to W-117, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Cardiovascular and thoracic surgeon, 35, ABS and ABTS 
certified, wishes to relocate. University trained in adult and 
pediatric fields, one year in private practice. Available July 
1978. 


Please respond to W-118, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon seeks practice oppor- 
tunity. Extensive training and practical experience from 
cardiovascular research and surgical fellowships at univer- 
sity centers. Experience in congenital and adult cardiac sur- 


gery and thoracic and peripheral vascular surgery. Presently 
available. 


Please respond to W-119, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 33, ABS and ABTS 
certified, university trained, desires position in western 
United States. Flexible in type of practice. 


Please respond to W-120, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 32, ABS certified, 
completing training Dec 1978. Well trained in all facets of 
adult and pediatric cardiothoracic surgery. Position desired 
on eastern seaboard. 


Please respond to W-121, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Accredited cardiothoracic residency desired, July 1978. ABS 
certified, FACS, 6 years' general surgery experience. 


Please respond to W-122, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, ABS certified, ABTS 
training requirements recently completed, seeks position 
with group or individual actively engaged in cardiothoracic 
surgery. No geographic preference. Available immediately. 


Please respond to W-123, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, seeks position 
with thoracic surgery group doing cardiac, pulmonary, and 
peripheral vascular surgery, leading to a partnership. ABS 
certified, completing Board-accredited residency in car- 
diovascular and thoracic surgery, June 1978. No geographic 
preference. 


Please respond to W-124, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 34, FLEX, ABS certified, ABTS eli- 
gible, trained in general surgery at University of Cincinnati 
Medical Center, completing thoracic surgery residency at 
Wayne State University Medical Center, interested in car- 
diac, thoracic, and vascular surgery and association with 
group or partnership. Available Sept 1, 1978. 


Please respond to Joseph Suckarieh, M.D., 23413 Edsel Ford 
Court, St. Clair Shores, MI 48080. 


Cardiothoracic surgeon, 37, completing additional fellow- 
ship in cardiovascular surgery research, ABS and ABTS eli- 
gible, seeks association with group or partnership. 


Please respond to W-126, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 37, ABS and ABTS 
certified, seeks association with group or surgeon in private 
practice. Well trained in all aspects of adult and pediatric 
cardiovascular and thoracic surgery. One year’s experience 
in practice. 


Please respond to W-127, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 40, university trained, broad ex- 
perience in adult and pediatric cardiac and thoracic and 
vascular surgery, seeks position in West or Midwest in solo 
or group practice leading to partnership. Presently in active 
cardiac surgery group with large volume. 


Please respond to W-128, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, thoracic residency 
completed, extra training in pediatric cardiac surgery, de- 
sires position. No geographic preference. Willing to work 
hard. 


Please respond to W-129, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, ABS and ABTS 
certified, married, university trained, in active cardiac, 
thoracic, and vascular surgery practice at well-known mid- 
western clinic, seeks relocation in private, group, or aca- 
demic practice. Strong clinical and academic background. 
All areas considered. 


Please respond to W-130, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Residency in pediatric cardiac surgery available July 1, 
1978, at pediatric teaching hospital. Two years of cardiac 
surgical residency required. 


Send curriculum vitae and two references to R. K. Balsara, 
M.D., St. Christopher’s Hospital for Children, 2600 N 
Lawrence, Philadelphia, PA 19133; tel: (215)427-5108. 


Position available for assistant or associate professor of 
cardiothoracic surgery. Candidate must have outstanding 
clinical skills, high degree of scholarship and teaching abil- 
ity, and competence in laboratory and clinical investigative 
research. Submit curriculum vitae and bibliography. Equal 
opportunity employer. 


Please respond to A-65, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Thoracic and vascular surgeon, Board eligible or certified, 
wanted by zroup-affiliated thoracic surgeon in Iowa. Prac- 
tice limited to general thoracic and major arterial vascular 


surgery. 


Please contact Ms. Merry Wetlaufer, 927 W 4th St, Water- 
loo, IA 50702. 


Thoracic and vascular surgeon, Board eligible or certified, 
wanted by thoracic and vascular surgeon in eastern US. 
Practice limited to general thoracic and major arterial vascu- 
lar surgery. 


Please respond to A-67, The Annals of Thoracic Surgery, 
C-7173 Unrversity Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 40, well established 
in metropolitan southern city, actively seeking associate. 
Practice consists of cardiac, peripheral vascular, and 
thoracic precedures, and is based in two major hospitals. 
Academic affiliation available if desired. 


Please respond to A-68, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Vacancy fer thoracic and cardiovascular surgeon, Board cer- 
tified or eligible, in large teaching hospital, new facilities in 
1979. Prefer interest in congenital and acquired cardiac sur- 
gery, noncardiac thoracic surgery, and related research. 
Professional corporation with full benefits. 


Please cortact Chief, Section of Cardiothoracic Surgery, 
Department of Surgery, University of Kansas, College of 
Health Sciences and Hospital, 39th and Rainbow, Kansas 
City, KS 66103. An equal opportunity/affirmative action 
employer. 


Mature, certified thoracic/vascular surgeon needed to join a 
two-man group in central Florida. Practice limited to 
thoracic amd vascular surgery. 


Please respond to James D. Moody, M.D., and Paul H. 
Sherman, M.D., 615 E Princeton, Suite 320, Orlando, 
FL 32803. 


Thoracic znd cardiovascular surgeon wanted to join forty- 
man clinic in Midwest. Practice limited to thoracic, vascu- 
lar, and cardiac surgery. Board eligibility required. 


Please respond to A-71, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Fellowship in cardiac surgery available July 1, 1978, or Jan 
1, 1979. L niversity program, congenital and acquired car- 
diac surgery. 


Contact: Eobert Replogle, M.D., Director, Division of Car- 
diac Surgery, Michael Reese Hospital, 29th St and Ellis 
Ave, Chicago, IL 60616; tel: (312)791-3362. 





Only Wescor can give you the complete 
picture in osmometry 


You need to measure high molecular weight setting 5100 series vapor pressure micro 
plasma proteins as well as low molecular weight osmometers. 


metabolites to get the whole picture in water/solute See how economical it all is, too. For little more 
balance. than you'd pay for another manufacturer's colloid 


Thats why WESCOR developed the Model 4100 system alone, you can have both of the WESCOR 
Colloid Osmometer as a complement to its pace- instruments shown here. 


Please contact us for applications, literature, and 

















specifications. | 
WESCOR, INC 
459 South Main Street 
Logan, Utah 84321 
Colloid Osmometer Phone (801) 752-6011 
High molecular wt. solutes si D TWX 910-971-5870 - WESCOR LOGA 
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The Purdue Frederick Company 
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Aortic Or Femora 


Aortic Cannulation 








Femoral Cannulation 





The Sarns Flexible Arterial Cannula is 

used for perfusion of the thoracic aorta or the 
femoral artery during surgical procedures 
requiring cardiopulmonary bypass. 

For easier insertion, the cannula features 

a smoothly-rounded, beveled tip and stiffer 
tubing. It comes with a removable connector 
end cap that prevents excessive backflow 

of blood during insertion of the cannula 
prior to perfusion. 

A permanently attached connector molded 
of rigid polyvinyl chloride plastic allows 
connection of a %” (.95 cm) inside diameter 
perfusion line to the cannula. 

A moveable ring of rigid polyvinyl chloride 
plastic located on the outside of the tube 
serves as a gauge of insertion depth and aids 
in cannula retention. 


sams 








The Sarns Flexible Arterial Cannula is 
sterile and disposable. An 8" (20.3 cm) length 
of flexible polyvinyl chloride tubing has a full- 
length white stripe in line opposite the bevel to 
indicate tip orientation. 

The Sarns Flexible Arterial Cannula is 
available in 18, 20, 22, 24, 26 and 28 French 
sizes. The product insert sheet contains 
complete information including warnings 
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C. Dues 


24 & 26 French will be available in July 
Remainder of sizes will be available in Autumn 


Send a copy of this ad with your name and 
address for additional information. 





6200 JACKSON ROAD, ANN ARBOR, MICHIGAN 48103 
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thoracic 
catheter? 


Virtually no 
clot build-up 


MAXIMIZES DRAINAGE 
SUSTAINS CONSTANT FLOW 
REDUCES NEED FOR MILKING 
EASES POST-OP CARE 


Contains no 
leaching plasticisers 


NO D.E.H.P. ADDITIVES 

NO POLYVINYL CHLORIDE ENIGMA 
INERT, NON-PYROGENIC 
NON-TOXIC TO PATIENT 


Advantages for you, benefits for your patient... |the new 4%. 


7625 ROSECRANS 
PARAMOUNT, CA 
PHONE: 213 / 63 





space Age Microbicidal Powe 


For optimal preoperative skin degerming— BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- > « 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


LE) help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT URTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 
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ÒCOPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CON 06856 
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Functional performance considerations such as consistent gas transfer, 

heat exchange and defoaming have always been our highest objectives, and to 
insure consistently excellent performance case after case, we performance-test 
oxygenators from every lot we ship. 


There are many new, yet-to-be-proven oxygenators on the market. The most proven, 
un-new oxygenator that will give you consistent total performance is the Shiley 100A 


Shiley Sales Corp. 


- 17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0504 
(800) 854-3683 


an integral member of the open heart team Cable: SHILEYSLSIRIN 
Telex: 68-5585 


Mailing Address: 


"Patents 4,065,264 & 4,067,696 P.O. Box 11707 — 
Other patents pending 5 1978 Shiley Sales Corp. Santa Ana, California 9271 
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DAVIS+GECK 


Long-term holding power... 





TI-CRON' silicone-treated polyester suture. 


TI-CRON gives you optimal passage through tissue. 


security in cardiovascular TI-CRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TI-CRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical- power for long-term security in 
grade silicone for smooth cardiovascular surgery. 


* Trademark 
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CPI offers new low profile 





sutureless myocardial lead 
with pressure-free release 


The moment of truth. The electrodes in place as 
you prepare for disengagement of the head from the 
insertion tool. 

Until now, with sutureless leads you ran the 
risk of pushing or pulling on delicate heart tissue. 
But CPle has solved that with their new sutureless 
myocardial lead with pressure-free release. The CPI 
unique design allows you to maintain the electrode 
firmly in position while detaching the electrode 
with a retrograde motion. The head releases easily... 
without pressure. 

This is only part of the story. CPI engineer/ 
designers took triple-wound helical coil conductors 
to provide triple redundancy. They added a 10 mm? 
corrosion-free 70% platinum-30% iridium electrode. 


OTHERS 
ACTION 


A BUTTON-SLIM SILHOUETTE is significantly lower 
n height than sutureless leads presently available. 


Fatigue-resistant alloys. Biocompatible silicone 
rubber sheathing. Reliable materials. Reliable 
engineering. 

In total, this new concept in sutureless leads is 
consistent with CPI leadership in lithium pacemakers 
that continue to set industry standards for 
reliability. Find out more today by writing or calling 
CPI toll fres, 800-328-9588. 


Cardiac Pacemakers, Inc. 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A. 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 


©1978, Cardiac Pacemakers, Inc. 
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Suddenly — — 
the endocardial 


electrode has taken 
anew twist. 


No one has to tell you what a problem conventional endo- 
cardial electrodes can sometimes be. Primarily because in 
most electrodes, dislocation is a very real possibility. 

To answer the problem, Vitatron has come up 
with a unique approach to the problem. Deceptively simple 
by design, and yet effective. 

Helifix. * 

Helifix, with its helically coiled tip, now enables 
you to actually twist the electrode into the trabeculae with 
only 2-3 clockwise turns. 

The result is a secure, yet relatively atraumatic, 
anchor that virtually defies dislocation. 

And should repositioning become necessary. 
Helifix is just as easy to remove with just a simple 
untwisting action. 

For quick mobilization of your patients without 
the fear of dislocation, for better fixation to other parts of 
the ventricle than the apex, Helifix is an ideal solution. 

We'd like you to learn more about Helifix. For 
latest data and clinical evaluations, write us at: Vitatron 
Medical, Inc., One Gateway Center, Newton, MA 02158. 
In Europe: Vitatron Medical B.V., P.O. Box 76, 6950 AB 
Dieren, The Netherlands. 
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for the Iravenol TMO Membrane Oxygenator 


Since the introduction of the Travenol TMO Membrane Oxyge- 
nator, surgeons have devoted significant effort to clinical 
«evaluations of this gas exchange device used during cardio- 
pulmonary bypass. Independent teams led by Berry and 
DeBakey reported that the TMO oxygenator produced less 
trauma to the blood than bubble oxygenators!? Solis 
credited it with better maintenance of platelet function? 
According to the experience of Heimbecker et al, the unit 
contributed to lower levels of plasma hemoglobin during 
bypass and higher platelet survival rates. He also reported 
reductions in postoperative bleeding (chest drainage) and 
the need for banked blood^4 Of major significance is the 
evidence submitted by Liddicoat et al verifying that the TMO 
oxygenator provided superior performance during cardio- 
pulmonary bypass when compared to bubble oxygenators5 
- The TIraveno| TMO Membrane Oxygenator provides 
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these advantages at costs comparable to bubble oxygenator: 
In addition, gas transfer across the membrane eliminate: 
oxygenator-created microbubbles. This method of gas ex 
change within the TMO Membrane Oxygenator more closeh 
resembles that of the normal human lung and will permi 
independent control of oxygen and carbon dioxide transfer 
The oxygenator is designed to operate at blood flow rate: 
up to 6 liters per minute and, under standard test conditions 
will transfer 300 ml of oxygen per minute. 


Copies of the previously mentioned papers and those 
others listed pertaining to the TMO Membrane Oxygenato 
are available upon request from your Travenol Cardiopul 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator 


aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker, R.O.. McKenzie. F.N 
Wall, W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodless open heart surgery —the 
blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstract o 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E., Bekassy 
S.M., Beall, A.C., Jr, Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygenator 
clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 

Additional references on page 4 
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the Travenol TMO 
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No. of cases — TMO Oxygenator 65 
Bubble Oxygenator 70 


‘Bubble oxygenator w/filter — peak hemolysis 200 mg 9 
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he Travenol TMO Membrane Oxygenator is indicated 
r the oxygenation of blood and the removal of carbon 
ioxide from it in an extracorporeal circuit during 

tal cardiopulmonary bypass at flow rates up to 6 
ters/minute at altitudes not in excess of 2400 feet 
730 meters) 


ONTRAINDICATIONS 

election of patients as candidates for oxygenation is 
tally a medical responsibility and the outcome is 
ependent on many variables, including patient 
athology and surgical and perfusion procedures 


'ARNINGS 
valuation of this oxygenator at elevated altitudes 
as shown inadequate outlet partial pressure for total 
ypass (apparently because of lower O> partial 
'essure differences across the membrane) Until 
»propriate modifications are made, use of this device 
altitudes above 2400 feet (730 meters) is not 
'commended 
In patients who are actively bleeding, medical 
idgment must be exercised in the use of the device 
enefits of oxygenation must be weighed against 
sks oftotal body heparinization. Oxygen requirements 
1d transfer rates are influenced by many variables 
Jring perfusion 
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Perfusion Time 60-94 min 
15 TMO cases 
16 Bubbler cases 


Perfusion Time < 60 min 
22 TMO cases 
23 Bubbler cases 


All cases w/o arterial filter 


Source: Graph constructed from data presented 
in reference No. 5. 


Use of blood suction devices must be limited where 
possible 


PRECAUTIONS 
Adequate heparinization is essential If the oxygenator 
is used in hyperbaric environments, both sides of the 
oxygenator must be referenced to the same pressure 
The gas outlet port should remain open anc free of 
any obstructions 

Before using, refer to complete directions 
accompanying the product 


Additional references (continued from previous page! 
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Sir Isaac Newton’s gift was the rare abilit 
to question, to envision, and to apply. . 


That same special ability has brought Intermedic 
to the forefront of pacemaker technology 





Introducing the CyberLith. 


A landmark innovation 


from Intermedics. 





Sir Isaac Newton's introduction of the concept of 
gravity immensely enriched man's understanding— 
and control —of his world. Similarly, the CyberL ith 
pulse generator gives you, the physician, unprece- 
dented control of pacemaker therapy for the individual 
patient. With the CyberLith, pacemaker functions can 
be adjusted precisely and titrated to an exact prescrip- 
tion for each patient. 


The CyberLith offers: 

e |5 pacing rates 

e 15 pulse widths 

e 7 sensitivity levels 

e 5 operating modes plus 
advanced telemetric cicuitry 
for detailed, non-invasive 
berformance monitoring. 


The OyberLith pulse generator can be programmed to 
a pacing rate appropriate to virtually any pacemaker pa- 
tient case. Your patients are individuals with individual 
pulse rate requirements that can and do change with 
time. The CyberLith pacemaker’s fifteen rates, from 30 
to 120 bpm, offer you maximum versatility in meeting 
individual patient needs. 


A choice of pulse widths from 0.15 to 2.29 msec assures 


effective pacing for each patient. Variations in optimal 
pulse width may occur as a result of the change from 
acute to chronic stimulation threshold levels. Other var- 
iations may be due to myocardial fibrosis, drug therapy 
regimens, or electrode type and position. With the 
CyberLith, battery longevity can be maximized 

through selection of the shortest pulse width needed 

to ensure adequate capture. 


The CyberLith makes possible precise sensitivity ad- 
justments :n response to different clinical situations. For 
example, if l'waves or other artifacts are being sensed to 
the detriment of proper system functioning, the Cyber- 
Lith pacemaker's sensitivity can be reduced to a more 
desirable level. Conversely, inadequate or inconsistent 
sensing of the QRS complex may be corrected by 
increasing the programmed sensitivity. 


The OyberLith may be programmed to the mode best 
suited to your patient's condition and-environment. You 
may choose among three pacing modes: 

—R-wave inhibited (demand) 
asynchronous (fixed-rate) 

—R-wave synchronous (demand) 
Thus the CyberLith may be reprogrammed in response 
to indications for a different pacing mode, without the 
need for surgical intervention. 





The CyberLith pacemaker’s exclusive telemetry feature 
permits you to ascertain the precise status of the implanted 
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system to a degree never before possible. 

— battery voltage 

—battery impedance 

—electrode lead impedance 

—exact timing of sensing and pacing events 
can all be determined simply, for detailed evaluation 
of pacer operations. In addition, CyberLith telemetry 


makes possible more accurate estimation of the remain- 





Big features in a small package, 

through microminiaturized circuitry. 

The OyberLith packs a multiplicity of programming 
features into a remarkably small pulse generator. One 
reason this can be achieved is the use of a custom com- 
plementary metal-oxide-semi-conductor (c-mos) inte- 
grated circuit. This *chip" has been specially developed 
by Intermedics for use in the CyberLith and represents 
state-of-the-art semiconductor technology. The c-mos 
circuitry reduces the total number of components and 
simplifies the design of the CyberLith. The result is an 
unprecedented range of programmable pacing parame- 
ters with remarkably low power consumption. . 


Fail-safe programming at your fingertips. 
Advanced design concepts have been incorporated 
into the programming system to ensure safe, trouble-free 
operation. 


Diii n4. 422 004 258 [ntermedics’ custom cot 
"hge 35:964 l0 = plementary metal oxide 
semiconductor integrat 
circuit magnified appro 
imately 11 times. 


1d R T2 


Actual size of c-mos “chip” as it | 
employed m the Cyber Lith 











— The programmer is portable and uses rechargeable 
batteries to prevent unwanted electrical noise and 
other complications common to line-powered 
instruments. 

— Programmable features may be altered individual 
orsimultaneously. 

—Accidental reprogramming is virtually impossible, 
thanks to the precise state-of-the-art crystal 
oscillator technology in combination with pulse- 
position-modulated, binary coded data security. 

—A unique feature permits immediate reprogram- 
ming to original nominal pacer parameters by de- 
pressing a single button on the programmer panel. 

These characteristics make the CyberLith programming, 
system easy to use, and provide an added margin of 
safety for you and your patient. 


The CyberLith—it’s making history. Now. 
Your Intermedics representative can provide you with 
additional information on the many other advantages o 
CyberLith therapeutic pacing, such as amazingly 
compact size, redundant oscillator circuitry and positive 
confirmation of reprogramming. 

At Intermedics, we are producing tomorrow’s technol- 


ogy today, because OUR BUSINESS IS LIFE. 























The Newton watercolor, by artist Ron Adair, is first in a series . 


commissioned by Intermedics. The original work hangs in 
Intermedics’ corporate headquarters. A limited-edition print, 
numbered and signed by the artist and suitable for framing, is 


being made available by Intermedics to physicians only. Please 


write to Marketing Administration, Intermedics, Inc., PO. 
Box 617, Freeport, Texas 77541. 


Note: The CyberLith is currently undergoing clinical evalua- 
tion and is not routinely available on a commercial basis. 


©Copyright Intermedics, Inc. 
CyberLith is a trademark of Intermedics, Inc., Freeport, Texas. 
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Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 


Our business is life. 
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intermedics Pulse Generators 
INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial capacity 
of the battery and the shelf storage time of the manufactured pacemaker; 
variations in electrode system resistances, stimulation rate, and the per- 
centage of time the implanted pacemaker is inhibited; and random elec- 
tronic component failures. 

Pacemakeroperation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, diathermy should not 
be used on pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the pacemaker 
as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause in- 
creased cardiac muscle damage from defibrillation. Microwave ovens that 
do not exceed federal guidelines for leakage (0.5 mW /cm? at 2.5 cm from 
the appliance) will not affect the pacemaker, but leakage in excess of that 
amount may cause interference. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 

For complere precautions, see the Physician's Manual for the Inter- 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue 
reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 
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Gathered here 
for coronary ar- 


loget 
terial surgery are: 
The Codman: d» 


family of five extra-delicate coronary 
scissors, including the circumflex; the gen- 
tlest of bulldogs in two lengths, and these 
other key instruments — Garrett dilators, 
heparin-tip needles, a delicate gemini clamp, 
and DeBakey-Diethrich forceps. 

And they're at home in an autoclavable 
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ve replacement: a procedure that can at Appropriate specimens for bacteriologic 
e sustain life and predispose to infection. studies to determine the causative organisms 
hough identification of the infectious and their susceptibility to nafcillin should be 
janism may be difficult, a delay in treatment taken prior to the first dose of antibiotic.t And, if 
Id result in invasion of the endocardium. those studies subsequently implicate organisms other 
e implicated organism may be a penicillinase- than penicillinase-producing staphylococci sensitive 
ducing staph. Progression can be swift to nafcillin, discontinue it and administer the appro- 
d devastating. priate antibiotic. 
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ou suspect the presence of staph and must ntramuscular administration. Penetrates body tissues 
gin therapy before definitive culture results n high concentrations and diffuses well into pleural, 





“On call” capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours. 


Follow-up therapy: oral 

Unipen (nafcillin sodium) is available in tablets, 
capsules, and oral solution as well as the parenteral 
form. The injectable form should be used initially 

in severe infections. And as soon as the clinical 
condition warrants, oral forms of Unipen allow you 
to continue antistaph therapy with the same anti- 
-piotic in a form more convenient to patients. 


Nafcillin-susceptible penicillinase-producing staphylococci 
See Important Note on next page 
See important information under Parenteral Admin stra- 


INJECTION AND ORAL 


UNIPEN 


(nafcillin sodium 


as the monohydrate, buffered, Wyeth 


Wyeth Laboratories 


/ / Philadelphia, Pa. 19101 





Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE BUFFERED WYETH 


Disc Susceptibility Tests: Quantitative methods that require mea- 
surement of zone diameters give the most precise estimates of anti- 
biotic susceptibility. One such procedure” has been recommended 
for use with discs for testing susceptibility to penicillinase-resistant 
penicillin-class antibiotics. Interpretations correlate diameters on the 
disc test with MIC values for penicillinase-resistant penicillins. With 
this procedure, a report from the laboratory of "susceptible" indi- 
cates that the infecting organism is likely to respond to therapy. A 
report of “resistant” indicates that the infecting organism is not 
likely to respond to therapy. A report of "intermediate susceptibil- 
ity” suggests that the organism would be susceptible if high dosage 
is used, or if the infection is confined to tissues and fluids (e.g. 
urine) in which high antibiotic levels are attained. 

"Bauer, AW., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by 
a Standardized Single-Discs Method, Am. J. Clin. Pathol, 45:493, 1956; Stan. 
dardized Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase-producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the peni- 
cillinase-resistant penicillins should not be relied on for initial therapy. 


Important Note: When it is judged necessary that treatment be ini- 
tiated before definitive culture and sensitivity results are known, the 
choice of Unipen should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group À beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteriology 
report later indicates the infection is due to an organism other than a 
penicillin G-resistant staphylococcus sensitive to Unipen, the physi- 
cian is advised to continue therapy with a drug other than Unipen or 
any other penicillinase-resistant semisynthetic penicillin. 

Recent studies have reported that the percentage of staphylococ- 
cal isolates resistant to penicillin G outside the hospital is increas- 
ing. approximating the high percentage of resistant staphylococcal 
isolates found in the hospital. For this reason, it is recommended 
that a penicillinase-resistant penicillin be used as initial therapy for 
any suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar to 
that of Unipen against penicillin G-resistant staphylococci. Strains of 
staphylococci resistant to methicillin have existed in nature and it is 
known that the number of these strains reported has been increasing. 
Such strains of staphylococci have been capable of producing serious 
disease, in some instances resulting in fatality. Because of this there is 
concern that widespread use of the penicillinase-resistant penicillins 
may result in the appearance of an increasing number of staphylococ- 
cal strains which are resistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all other 
penicillinase-resistant penicillins (cross-resistance with cephalosporin 
derivatives also occurs frequently). Resistance to any penicillinase- 
resistant penicillin should be interpreted as evidence of clinical resist- 
ance to all, in spite of the fact that minor variations in in vitro 
sensitivity may be encountered when more than one penicillinase- 
resistant penicillin is tested against the same strain of staphylococcus. 


Contraindications: A history of allergic reaction to any of the penicil- 
lins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphylac- 
toid) reactions have been reported in patients on penicillin therapy. 
Although anaphylaxis is more frequent following parenteral therapy 
it has occurred in patients on oral penicillins. These reactions are 
more apt to occur in individuals with a history of sensitivity to mul- 
tiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersensi- 
tivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. if an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of Unipen (nafcillin sodium) ther- 
apy considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 

Precautions: As with any potent drug, periodic assessment of organ- 
system function, including renal, hepatic and hematopoietic, should 
be made during prolonged therapy. 


The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant orga- 
nisms occurs, appropriate measures should be taken. 

Tka oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, eardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possibility of thrombophlebitis. 


Adverse Reactions: Reactions to Unipen have been infrequent and 
mile in nature. As with other penicillins, the possibility of an 
anap'ylactic reaction or serum-sicknesslike reactions should be con- 
sidersd. A careful history should be taken. Patients with histories of 
hay fever, asthma, urticaria, or previous sensitivity to penicillin are 
mora likely to react adversely. 

Transient leukopenia, neutropenia with evidence of gran- 
ulocytopenia or thrombocytopenia are infrequent and usually associ- 
atec with prolonged therapy with high doses of penicillin. These 
alterations have been noted to return to normal after cessation of 
therapy. 

Toe few reactions associated with the intramuscular use of Unipen 

have been skin rash, pruritus, and possible drug fever. As with other 
penic:dins, reactions from oral use of the drug have included nau- 
sea, vomiting, diarrhea, urticaria, and pruritus. 
Parerteral Administration: it is recommended that parenteral ther- 
apy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical con- 
ditior warrants. Very severe infections may require very high doses. 


intravenous Route: The required amount of drug should be di- 
luted m 15 to 30 ml of Sterile Water for Injection, U.S.P., or Sodium 
Chloge Injection, U.S.P., and injected over a 5- to 10-minute pe- 
riod. This may be accomplished through the tubing of an intra- 
venous infusion if desirable. 

stability studies on Unipen at concentrations of 2 mg/ml to 40 
mg/m in the following intravenous solutions indicate the drug will 
lose less than 10% activity at room temperature (70°F.) or, if kept 
under refrigeration, during the time period stipulated: 


Stability at Room 
Temperature Refrigerated 

Stertie Water for Injection 24 hours 96 hours 
Isotome sodium chloride 24 hours 96 hours 
5% dextrose in water 24 hours 96 hours 
5% dextrose in 0.4% sodium 

chisride solution 24 hours 96 hours 
Ringer s solution 24 hours 96 hours 
M/6 sadium lactate solution 24 hours 96 hours 


Discard any unused portions of intravenous solutions after 24 
hours i! kept at room temperature or after 96 hours if kept under 
refrigeration. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen. The concentration of the antibiotic 
should fall within the range of 2 to 40 mg/ml. The drug concentrate 
and tie rate and volume of the infusion should be adjusted so that 
the total dose of Unipen (nafcillin sodium) is administered before 
the dreg loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent 
in neonates or infants for this route of administration. 

This route of administration should be used for relatively short. 
term terapy (24-48 hours) because of the occasional occurrence of 
thrombephlebitis, particularly in elderly patients. 


Intramuscular Route: The clear solution should be administered 
by dees intragluteal injection immediately after reconstitution. After 
reconsiltution, keep refrigerated (2°-8° C.) and use within 7 days 
or keep at room temperature (25? C.) and use within 3 days. 


Oral &cministration: Beta-hemolytic streptococcal infections should 
be treated for at least 10 days to prevent development of acute 
rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg, 
] gram. and 2 gram nafcillin sodium as the monohydrate, buffered. 
When raconstituted as recommended, the contents of each vial pro- 
vide, respectively 2, 4 or 8 mi of nafcillin sodium solution equivalent 
per mi tz. 250 mg nafcillin buffered with 10 mg sodium citrate, Film- 
coated TJABLETS--containing nafcillin sodium as the monohydrate. 
equivaleat to 500 mg nafcillin buffered with calcium carbonate. 
CAPSULES—containing nafcillin sodium, as the monohydrate, 
equivaleat to 250 mg nafcillin buffered with calcium carbonate. FOR 
ORAL SCLUTION —Bottle of dry nafcillin sodium as monohydrate- 
powder tor reconstitution to provide 100 ml of solution containing 
nafcillin sodium equivalent to 250 mg nafcillin per 5 ml. 

WYETH GABORATORIES, PHILADELPHIA, PA. 


EDITORIALS 


Blunt Traumatic Rupture of the Diaphragm 


Panagiotis N. Symbas, M.D. 


With the advent of high-speed vehicular travel, 
the number of patients injured in highway 
accidents has increased. These traumatized 
patients can receive many injuries, among 
them diaphragmatic rupture, which frequently 
is obscured by other injuries or may be 
asymptomatic. The timely article by Brooks (p 
199, this issue) calls attention to the presence of 
this often obscured and serious injury. 

The type of trauma causing tear of the dia- 
phragm ranges from minimal blunt to massive 
crushing injury. The tear usually occurs in the 
left diaphragm in the posterior central area and 
extends medially, but avulsion of the dia- 
phragm from the rib cage may be found [3, 5]. 
Because of the significant pressure gradient 
between thoracic and peritoneal cavities, par- 
ticularly during inspiration, and the absence of 
a hernial sac in patients with diaphragmatic 
rupture, progressive abdominal visceral herni- 
ation into the thorax frequently occurs. De- 
pending on the size of the diaphragmatic 
opening, the abdominal viscera may or may not 
become strangulated. 

During the acute postinjury period, the 
symptoms and signs of diaphragmatic injury 
vary depending on the magnitude of herniation 
of abdominal organs in the pleural space and 
the presence or absence of impairment of perfu- 
sion of the herniated organs. The patient may 
have no symptoms of diaphragmatic injury or 
may have symptoms and signs of varying de- 
grees of cardiorespiratory impairment. Less 
frequently, there may be symptoms and signs 
of intestinal obstruction or strangulation. The 
common clinical manifestations of chronic dia- 
phragmatic rupture are those of intestinal 
obstruction or strangulation and less commonly 
those of respiratory embarrassment. 

Because the symptoms of diaphragmatic 
injury either are often obscured by other coex- 
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isting injuries or are minimal or absent, the 
possibility of diaphragmatic rupture must be 
considered carefully in all patients who suffer 
blunt, particularly major, trauma. Chest roent- 
genography is the best screening test. Obscure 
or abnormal diaphragmatic shadow, unusual 
air fluid levels, pneumothorax or hemopneu- 
mothorax, or a combination of these, with 
or without mediastinal shifting, all strongly 
suggest diaphragmatic rupture [4, 6, 7]. Also, a 
change in the diaphragmatic shadow several 
days or weeks after injury may be due to dia- 
phragmatic rupture since abdominal viscera do 
not always herniate into the thorax when the 
injury occurs. 

In patients with signs of intraperitoneal or 
intrathoracic injury indicating the necessity for 
exploratory laparotomy or thoracotomy, other 
diagnostic tests for diaphragmatic rupture 
are not indicated and may be hazardous. In 
such patients, the diaphragm should be care- 
fully inspected during the exploratory proce- 
dure. In the majority of patients not requiring 
emergency exploratory operation, the introduc- 
tion of pneumoperitoneum establishes the 
diagnosis when pneumothorax or pneumo- 
pericardium is demonstrated on a repeat 
chest roentgenogram [1]. This test, however, 
has some disadvantages. In addition to the 
two minor disadvantages mentioned by 
Brooks, it may be falsely negative in rare cases 
when the diaphragmatic defect is obliterated by 
the herniated organs, and it may not be helpful 
when an intrapleural air leak from lung injury 
is present or when there is a chest tube con- 
nected to suction. When the diagnosis cannot 
be definitely excluded by pneumoperitoneum, 
barium studies of the upper and lower gas- 
trointestinal tract are indicated. In patients with 
chronic rupture of the diaphragm, the diagnos- 
tic accuracy of pneumoperitoneum is greatly 
decreased because the diaphragmatic defect is 
more frequently obliterated by adhesions be- 
tween the herniated organs and the diaphragm. 
In these patients, barium studies of the gas- 
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trointestinal tract are usually required for con- 
firmation of chronic diaphragmatic rupture. 

The treatment for diaphragmatic injury is 
surgical repair. The decision, however, as to 
when and how a corrective procedure should be 
undertaken is somewhat controversial. Because 
of the danger of development or progression 
of respiratory embarrassment, visceral incar- 
.ceration, or strangulation, repair of the dia- 
phragmatic injury should be performed as 
soon as possible after the diagnosis is estab- 
lished and when the patient's clinical condition 
permits. Although the diaphragm can be best 
exposed through the chest, the approach cho- 
sen should be based on the clinical conditions 
in each patient. 

During the acute postinjury period, in pa- 
tients with intrathoracic or intraabdominal in- 
juries, the diaphragmatic rupture is repaired 
through the incision, thoracic or abdominal, 
used for the emergency repair of other organ 
injuries. However, in patients with no trauma 
to other organs requiring surgical care, the dia- 
phragmatic repair should be done through the 
chest. Similarly, in patients with chronic dia- 
phragmatic repair is easier to do through the 
through the chest because in most of these pa- 
tients, the herniated viscera are adherent to the 
lung. During repair, when access to both the 
abdominal and thoracic cavity is needed, two 


separate incisions rather than a thoracoabdom- 
inal one should be made because of the high 
morbidity of the thoracoabdominal incision. 
For this reason, both the lower thorax and 
upper abdomen should be prepared and draped 
in the field so that if the chosen incision proves 
to be insufficient for a safe repair of the dia- 
phragmatic or other organ injury, an additional 
incision can be made. Diaphragmatic repair in 
the vast majority of patients can be done 
primarily, although occasionally a prosthesis 
may be needed [2]. 
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Acute Traumatic Hemothorax 


Panagiotis N. Symbas, M.D. 


Traumatic hemothorax is a frequent sequela of 
penetrating or blunt trauma, and its incidence 
is ever increasing. The paper by Dr. Griffith 
and associates (p 204, this issue) concerning 
this injury is timely. 

Hemothorax following penetrating and non- 
penetrating trauma may be the result of cardiac, 
great vessel, pulmonary parenchymal, or chest 
wall injury. The rate and cessation of bleeding 
are dependent on the site and size of the bleed- 
ing wound. Bleeding from lung parenchyma or 
other small veins is usually self-limited, 
whereas cardiac, great vessel, or other arterial 
bleeding requires surgical control. The method 
of draining the traumatic hemothorax by tube 
thoracostomy or thoracocentesis has been 
somewhat controversial as has been the overall 
management of penetrating chest injuries. 
Thoracostomy tube drainage of the hemothorax 
and then thoracotomy, if needed, has been ad- 
vocated by most investigators [3, 4, 6]. Others 
[2] suggest repeat thoracocentesis and thora- 
cotomy, if needed, while yet others prefer [1, 5] 
thoracotomy for all penetrating chest wounds 
with hemothorax. 

As for any other patient, the care of the pa- 
tient with acute traumatic hemothorax cannot 
be rigidly standardized. Rather, an initial basic 
plan of treatment should be formulated, and the 
result of this early treatment should influence 
the subsequent management. 

For acute traumatic hemothorax, unless it is 
very minimal and not increasing, tube 
thoracostomy is the initial management of 
choice. This form of drainage has several ad- 
vantages. (1) It provides a fairly reliable index 
of the intrathoracic bleeding, whether it will 
require surgical control or will be self-limited. 
The amount of blood draining from the pleural 
space should be monitored frequently—at first 
every 15 to 30 minutes and every hour thereaf- 
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ter, depending on the rate of bleeding. A thora- 
cotomy should be performed immediately if the 
drainage is massive. A thoracotomy should also 
be done if the drainage is constant and more 
than 300 ml per hour during the first three to 
four hours after injury. If, on the other hand, 
the rate of bleeding is less than 300 ml and is 
progressively decreasing without clinical or 
roentgenographic evidence of blood or blood 
clot accumulation in the pleural space, the in- 
trathoracic bleeding probably will be self- 
limited and no thoracotomy will be required to 
control it. (2) Tube thoracostomy provides max- 
imal pleural space evacuation of all nonclotted 
blood. (3) When the hemothorax is drained 
through a thoracostomy tube into a chest bottle 
containing sterile normal saline solution, the 
blood collected is not only immediately avail- 
able for autotransfusion in patients requiring 
blood transfusion but it is also free from the 
complications associated with transfusion of 
homologous bank blood. The blood can be re- 
turned to the patient after appropriate micron fil- 
tration without delay or notable sequelae [6, 7]. 
The results of drainage of hemothorax even 
using tube thoracostomy are not uniform. In 
some patients, almost complete evacuation of 
the blood from the pleural space is accom- 
plished. In others, a minimal amount of blood 
or fibrin or a combination of these remains in 
the base of the lung field. In still other patients, 
the pleural space is partially or completely ob- 
literated by the residual blood and blood clot. 
The subsequent management of patients 
with hemothorax treated with tube thoracos- 
tomy and not requiring thoracotomy to control 
massive or sustained intrathoracic bleeding 
should be individualized. Patients with mini- 
mal residual hemothorax as determined by 
physical examination and chest roentgenogram 
are followed clinically and roentgenographi- 
cally, and usually the residual hemothorax is 
absorbed over the next three to four weeks. Pa- 
tients with roentgenographic evidence of re- 
sidual hemothorax occupying less than half of 
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the lower lung field should be followed for 
three to four weeks. If, during this period, no 
absorption or resolution of the blood and fibrin 
has occurred, as evidenced by chest roent- 
genography, then thoracotomy, evacuation of 
the hemothorax, and decortication of the 
trapped lung should be performed. If, however, 
half or more of the pleural space roentgeno- 
graphically appears to be obliterated by 
blood or fibrin or both after tube tho- 
racostomy, thoracotomy and evacuation of the 
hemothorax should be performed as soon as 
possible. 

Using this approach for the treatment of acute 
traumatic hemothorax, Dr. Griffith and col- 
leagues successfully managed 84% of their pa- 
tients with tube thoracostomy alone. Our ex- 
perience coincides with their results, and simi- 
lar experiences have been reported by other 
investigators [3, 6]. Thus, if all patients 
with traumatic hemothorax were managed by 
thoracotomy, more than 80% of them would 
undergo an unnecessary thoracotomy. Consid- 
ering the morbidity and expense associated 
with such a procedure, thoracotomy for all pa- 
tients with acute traumatic hemothorax can 
hardly be justified. Rather, an early thoracos- 


tomy tube drainage of hemothorax and sub- 
sequent individualization of therapy for each 
patient according to the clinical course appear 
to provide more rewarding and justifiable re- 
sults. 
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Preservation and Subclinical Myocardial Infarction 


Following Coronary Bypass 


Frank C. Spencer, M.D. 


The frequency and import of subclinical myo- 
cardial infarction following coronary bypass 
constitute one of the crucial questions for clini- 
cal investigation at this time. Almost surely the 
uncertainty regarding the influence of coronary 
bypass on longevity is due partly to the variable 
degree of myocardial injury that may occur with 
different techniques. It is a truism that benefit 
{i.e., longevity) depends on how much im- 
provement in cardiac function from increased 
flow of blood to ischemic myocardium ex- 
ceeded operative injury. Other major factors 
influencing longevity are the completeness of 
revascularization, the long-term patency of the 
bypass grafts, and the rapidity of progression of 
the atherosclerotic process. 

Determining both the frequency and mag- 
nitude of myocardial infarction following 
bypass has been problematical to date. Usually 
a perioperative infarction is diagnosed from 
electrocardiographic changes, but this ap- 
proach has serious limitations. Sometimes, 
electrocardiographic changes indicate an in- 
farction while enzymatic changes are minimal. 
The most reliable of the different enzymatic 
changes seems to be the myocardial fraction of 
the creatine phosphokinase enzyme (CPK-MB), 
but there is disagreement about the precise im- 
portance of these changes. A far more common 
occurrence is the finding of no notable electro- 
cardiographic changes in the presence of major 
enzymatic changes. If the frequency of infarc- 
tion is measured by enzymatic changes rather 
than by electrocardiographic changes, the fre- 
quency is far greater [2]. 

Even more important than the occurrence of 
infarction is its magnitude. Does the infarct in- 
volve 1 gm of myocardium, 10 gm, 20 gm, or 
even more? This question is unanswerable at 
present. 
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The import of an infarction depends on both 
its size and the status of the left ventricle. Ap- 
parently, the left ventricle can function, with 
some limitations, until 35 to 4096 of its muscle 
mass has been lost. Once this limit is exceeded, 
congestive failure with its grim prognosis will 
occur. Hence, a moderate infarct could be toler- 
ated well by a normal ventricle, but would be 
disastrous for a ventricle that had already lost 20 
to 30% of its function. Clinically this is reflected 
in the marked influence of preoperative ven- 
tricular function on mortality rates: with a nor- 
mal ventricle operative mortality is 1 to 2%, but 
it rises to 5 to 10 or even 1596 with different 
degrees of impairment of ventricular function, 
the so-called bad left ventricle, with an ejection 
fraction near 0.20. If operative benefit regularly 
exceeded operative harm, these differences in 
operative mortality would not exist. The fact 
that they do exist indicates clearly that many 
popular techniques significantly injure the left 
ventricle. 

The variation in significance of an infarction 
is reflected in the diversity of operative tech- 
niques employed. A technique that frequently 
causes subclinical infarction may seemingly 
give excellent results provided it is used only 
for patients with little impairment of ventricu- 
lar function beforehand. Hence, comparison of 
data from different groups of patients for whom 
different operative techniques were used can be 
done only if the ventricular function of the pa- 
tients is carefully described. 

The ideal operative technique, of course, 
should result in no injury to ventricular func- 
tion. Such a technique has not been proved to 
date, though great progress has been made 
with methods of myocardial preservation, 
which are summarized well in a review article 
by Buckberg [1]. Once such a technique is es- 
tablished, it should be possible to operate on 
patients with severe impairment of ventricular 
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function with little more risk than that involved 
in operating on patients with normal left ven- 
tricles. 

Evaluation of current operative techniques is 
best done by myocardial biopsy, by measuring 
histological changes by electron microscopy 
and adenosine triphosphate concentrations, 
and by repeat catheterization a few months 
after operation to evaluate changes in ventricu- 
lar function. Incidentally, a recent draft of pro- 
posed PSRO guidelines stated that postopera- 
tive angiography to determine patency of vein 
grafts was not indicated, reflecting astonishing 
ignorance of the fundamental issues con- 
cerning coronary bypass. It is to be hoped that 
advances in radioisotope scanning, such as 
those recently described by Sabiston and col- 
leagues [3] at Duke University, may make 
noninvasive methods of evaluation of cardiac 
function simpler and less expensive. 

The excellent paper by Dr. Codd and as- 
sociates (p 208, this issue) indicates that in 
many patients the magnitude of an infarction is 
small and seemingly of little clinical signifi- 
cance. In their series of 500 patients, with an 
operative mortality of only 1%, 10% of patients 
had electrocardiographic signs of perioperative 
myocardial infarction. A careful follow-up 


evaluation, extending to three years after oper- 
ation for some patients, compared patients 
with and patients without signs of infarc- 
tion, ard found that infarction had no signifi- 
cant influence on prognosis in the first few 
years after operation. Undue complacency 
should not evolve from these data, however, for 
only 3 cf the 100 patients evaluated had severe 
depress:on of ventricular function beforehand, 
and oniv 24 had moderate depression. Sev- 
enty-three of the patients had either normal 
or only a mild decrease in ventricular function 
before operation; in such patients a small myo- 
cardial injury at operation should not be of 
great clinical import. 
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Blunt Traumatic Rupture of the Diaphragm 


James W. Brooks, M.D. 


ABSTRACT Blunt traumatic rupture of the dia- 
phragm must be suspected in all patients with mas- 
sive trauma and especially in those whose chest 
roentgenogram reveals an abnormal or obscured 
diaphragmatic shadow. Regular reevaluation is most 
important. A diagnostic pneumoperitoneum is the 
most accurate preoperative test available. Trans- 
thoracic approach is the operation of choice. 


Blunt traumatic rupture of the diaphragm is 
recognized easily provided the physician is 
aware of the injury and recognizes its signs and 
symptoms [7, 8, 10, 13-15, 19, 20]. Usually, the 
patient with multiple-system injuries under- 
goes procedures for diagnosis and treatment 
that draw the physician's attention away from 
the more subtle diaphragmatic injuries [1, 4]. In 
this paper the injury is discussed with reference 
to my experience with 42 patients. 


Material and Method 

At the Medical College of Virginia Hospitals be- 
tween 1952 and 1977, 42 patients with blunt 
traumatic ruptures of the diaphragm were seen. 
There were 36 male and 6 female patients. 
Thirty-eight (9096) of the ruptures were on the 
left side and four (10%), on the right. Mortality 
was 1496, and except for 1 patient (Fig 1), death 
was caused by other injuries sustained during 
the same accident. The greatest number of 
blunt traumatic injuries of the diaphragm oc- 
curred in patients between 20 and 30 years old. 
There has been no increase in the yearly inci- 
dence of blunt traumatic rupture of the dia- 
phragm since 1952. 

Physical findings frequently are vague. When 
conscious, the patient may complain of pain 
and tenderness or show guarding in the epigas- 
trium or either upper quadrant of the abdomen. 
At the time of initial abdominal examination, 
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bowel sounds may be present and unremark- 
able or they may be markedly reduced to ab- 
sent, depending on the amount of peritoneal 
irritation. Chest examination may reveal obvi- 
ous tenderness. If tenderness is present, it is 
usually indicative of fractured ribs; therefore, 
crepitation may be heard. Pneumothorax, 
hemothorax, hemopneumothorax, subcutane- 
ous emphysema, or paradoxical chest wall mo- 
tion could be present and not related to the dia- 
phragm injury. All these findings point to chest 
injury, but obviously are not diagnostic of dia- 
phragmatic injury. If intestinal contents or the 
liver are in the thoracic cavity, there may be 
dullness to percussion, diminished to absent 
fremitus, and diminished to absent breath 
sounds. All these physical findings denote the 
presence of abnormal tissue between the 
stethoscope and the lung parenchyma. If aus- 
cultation locates intestinal sounds high in the 
axilla, there could be intestinal contents in the 
pleural cavity. However, such sounds can be 
transmitted from a normal bowel below the 
diaphragm. 

Preoperative diagnosis of blunt traumatic 
rupture of the diaphragm is most frequently 
suspected and confirmed by chest roentgeno- 
grams. In general, any patient who has sustained 
a blunt chest injury and in whom a chest 
roentgenogram reveals an obscure or abnor- 
mal diaphragmatic shadow can have blunt 
traumatic rupture of the diaphragm. Further 
studies must be made promptly to establish the 
true state of the patient's diaphragm. 

Roentgenographic evidence of an atypical 
pneumothorax should alert the surgeon to the 
possibility of a ruptured diaphragm (Figs 2, 3). 
Confirmation of stomach in the left chest may 
be achieved either by a barium swallow or by 
the insertion of a Levin tube into the stomach 
for identification and decompression. Solid den- 
sities in the chest without gas in the bowel 
may also be present in the ruptured diaphragm 
(Fig 4). 

When there is doubt concerning the possibil- 
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Fig 1. Posteroanterior chest roentgenogram of a 
3-year-old boy injured in an automobile accident. Acute 
gastric dilation resulted in respiratory death before the 
correct diagnosis could be made and management ini- 
tiated. The cause of death was confirmed at postmortem 
examination. 


ity of diaphragmatic injury, the best nonopera- 
tive method for investigating possible dam- 
age with rupture is a diagnostic pneumo- 
peritoneum using 300 to 500 cc of air (Fig 5), 
as described by Hollander and Dugan [12] 
and by Clay and Hanlon [5]. The appearance 
of a pneumothorax following this diagnostic 
procedure confirms a communication between 
the pleura and the peritoneal cavity [9, 18]. 

To perform a diagnostic pneumoperitoneum, 
a four quadrant abdominal tap is done with a 
plastic needle. The tap is completed in the left 
lower quadrant into which air is injected pro- 
vided the abdominal tap has yielded no blood 
or intestinal fluid. Should the abdominal tap be 
positive, no injection is necessary because ex- 
ploration of the abdomen is already indicated. 
The diaphragm can be explored and repaired 
through the incision made for the tap. 

Other than the infrequent and well-known 
complications that follow the induction of a 
therapeutic pneumoperitoneum, this procedure 
has two obvious disadvantages in the post- 
traumatic patient undergoing evaluation in the 
emergency ward. (1) Abdominal symptoms are 
mildly intensified and shoulder pain is pro- 
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Fig 2. (A) Posttrauma chest roentgenogram showing 
large air-fluid abnormality in the left chest with medias- 
tinal displacement to the right side. (B) Levin tube indi- 
cates decompression of the stomach with the return of 
the mediastinum to the midline. The tube is above the 
usual level of the diaphragm. 
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Fig 3. Roentgenogram made after trauma showing frac- 
tured ribs on the left and an "abnormal'' lower left 
pneumothorax. 


duced because introduction of air in the perito- 
neal cavity causes diaphragmatic irritation. The 
procedure thus masks or possibly gives false 
impressions of future abdominal developments 
if exploration is not carried out. (2) The result- 
ing pneumothorax enhances pulmonary ven- 
tilatory problems and therefore should be aspi- 
rated rapidly. 

Occasionally, the diaphragm is torn in such a 
way as to include the pericardium. This results 
in the intrapericardial placement of intestines 
through the rupture in the diaphragm [2, 3, 6, 
11, 16, 17; 21}. 

Blunt traumatic rupture of the diaphragm 
should be recognized at the time of initial 
workup in the emergency ward, but definite 
roentgenographic signs of rupture may not be 
evident at first, as seen in Figure 6. Some diag- 
noses are delayed for several weeks, months, or 
even years because of the gravity of the other 
injuries or the lack of or failure to recognize 
definite signs or symptoms that alert the physi- 
cian to the possibility of a traumatic dia- 


Fig 4. Chest roentgenogram demonstrating a dense 
shadow in the left lower chest, a clear left costophrenic 
angle, and marked mediastinal displacement to the right 
side. 







L.Lung 


Pneumothorax 


Fig 5. Diagnostic pneumoperitoneum. 


phragmatic rupture. Of the 42 instances of 
blunt traumatic diaphragmatic rupture in this 
series, 29 (69%) were recognized immediately 
and 7 (1796) after a period ranging from 4 to 47 
days; 5 (12%) had delayed recognition; and 1 
(2%) was discovered at postmortem examina- 
tion. When the initial injury is not diagnosed 
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for many years, it frequently is discovered only 
because of obstruction to the gastrointestinal 
tract secondary to herniation of intestinal con- 
tents into the chest cavity. 

One patient in this series was injured four 
years prior to the establishment of the diag- 
nosis of ruptured diaphragm. Four years after 
the injury, she was readmitted to the hospital in 
acute respiratory distress. She was in the eighth 


Fig 6. (A) Initial chest roentgenogram following trauma. 
(B) Roentgenogram made the following day. (C) Roent- 


genograri made 40 hours after injury showing definite 


signs of bowel gas in the left hemithorax. 


month of pregnancy. At operation, the patient 
was found to have a gangrenous stomach her- 
niated through a previous rupture of the left 
diaphragm. The stomach was resected and the 
diaphragm was repaired. The patient ultimately 
lost the fetus, and two weeks after operation 
she died of erosion of the tracheostomy tube 
into the innominate artery and exsanguination. 

When traumatic rupture in the diaphragm is 
diagnosed, an operation consistent with the pa- 
tient’s general condition should be performed 
at that time. A patient should undergo immedi- 
ate operation if any of the following conditions 
exist: uncontrolled blood loss in either the 
abdomen or thorax; altered cardiopulmonary 
physiclogy that is interfering with survival; 
undiagnosed internal injuries of a surgical na- 
ture; and no contraindications to operation. 
Often a patient with blunt traumatic rupture 
of the diaphragm will have severe concurrent 
injuries that probably will preclude immediate 
operation. 

The thoracic approach is favored in blunt 
rupture of the diaphragm because it allows for 
the best exposure and repair. If there is concur- 
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rent abdominal trauma, the incision can be ex- 
tended across the costal arch for exploration of 
the abdomen. In the present series, there were 
no associated intraabdominal organ injuries. In 
50% of the ruptures on the left side, the spleen 
was bleeding and quite easily removed by the 
thoracotomy approach. 

All but 1 of the 42 patients had surgical repair 
through a thoracotomy. When the hemithorax 
was opened, 34 of 38 patients with injury to the 
left diaphragm had stomach, colon, omentum, 
small bowel, and spleen in the left chest. In 2 
patients, only omentum and colon were pres- 
ent. In 3 of the 4 patients with injury to the 
right diaphragm only the liver had herniated 
through the rupture, and in the fourth, only the 
small bowel (ileum). In 1 patient only the spleen 
had herniated through the rupture. 


Results 

In every instance, the abdominal contents were 
easily returned to the abdominal cavity and the 
ruptured diaphragm was repaired with inter- 
rupted permanent sutures without imbrication. 


The edges of the diaphragm were clean and did — 13. 


not require debridement. 

In only 1 procedure was it necessary to use a 
prosthesis (Marlex mesh) to repair the hernia, 
and this was associated with a delayed diag- 
nosis. 

Two patients had disruption of the dia- 
phragm from the chest wall. Resuturing based 
upon diaphragm anchorage to a rib with hori- 
zontal mattress sutures was required. 
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Acute Traumatic Hemothorax 


Gary L. Griffith, M.D., Edward P. Todd, M.D., Ph.2., 
Rodney D. McMillin, M.D., John V. Zeok, M.D., Mark L. Dillon, M.D., 
Joe R. Utley, M.D., and Ward O. Griffen, M.D. 


ABSTRACT Over the past 5 years, 107 patients have 
been evaluated for acute traumatic hemothorax at the 
University of Kentucky Medical Center. Immediate 
tube thoracostomy was performed on 90 patients 
for evacuation of blood and air. Only 2 patients died. 
Thoracotomy was performed as part of the initial 
therapy in 9 patients. Thoracotomy for continued 
hemorrhage from a pulmonary parenchymal injury 
was required in 3 patients from the entire group. 

Thoracentesis or observation was the initial 
therapy for limited hemothorax in 8 stable patients. 
Three of these patients subsequently required tube 
thoracostomy 2 to 23 days following injury due to 
expanding effusions, and 1 patient required multi- 
ple thoracotomies for sepsis, fibrothorax, and em- 
pyema. 

These observations indicate that early evacuation 
of blood by means of a tube thoracostomy is essen- 
tial to minimize morbidity in acute traumatic 
hemothorax. If continuing hemorrhage after tube 
thoracostomy occurs, there is a higher association of 
injury to additional vital structures. 


Experience with chest injuries is as old as the 
history of medicine itself [3]. Until the era of 
industrialization, the vast majority of chest in- 
juries were of the penetrating type; however, 
with man’s advancement into the age of 
machines, blunt chest injuries began to assume 
greater frequency. Unfortunately, the ability to 
treat these injuries adequately did not progress 
as rapidly as did the factors inciting them. In 
the late nineteenth century the principles of 
closed chest drainage came under investiga- 
tion, with Hewitt, von Bulau, and Subbotin as 
leaders in the field [6]. However, the impor- 
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tance cf this technique was not fully ap- 
preciated until the end of World War II when 
the reports of Samson and associates [8] and 
Betts and Less [1] stressed these principles. 

Acute hemothorax comprises a significant 
proport-on of thoracic injuries, and the efficient 
management of this entity is mandatory to 
avoid unnecessary morbidity. This series re- 
views the experience encountered over the last 
2 years at the University of Kentucky Medical 
Center. 


Material and Methods 


During the years 1972 through 1977, 107 pa- 
tients were admitted for acute hemothorax to 
the Un-versity of Kentucky Medical Center. 
This figure excludes those who either were 
dead on arrival or died shortly thereafter in the 
emergency room. Acute hemothorax was due to 
penetrazing trauma, stab wounds, or gunshot 
injuries in 52% of the patients, and to blunt 
trauma in the other 48%. Of the patients 87% 
were male, and 85% were white. Although the 
patients ranged in age from 1 to 91 years, 51% 
were between 11 and 30 years old. 

For the purposes of comparison, patients 
were divided into three treatment modality 
groups according to the severity of the injuries. 
The three groups included patients treated 
with immediate tube thoracostomy, immedi- 
ate thoracotomy, and simple thoracentesis with 
observation. 


Immediate Tube Thoracostomy 


Immediate tube thoracostomy was performed 
in 90 patients for the evacuation of blood and 
air. Subsequently, 2 of these patients required 
delayed thoracotomy for retained clotted hemo- 
thorax. 

Late complications related to hemothorax in- 
cluded fibrothorax and empyema and occurred 
in 8 of the 90 patients (9%). Empyema de- 
velopec in 4 of these 8 patients and fibrothorax 
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Table 1. Associated Abdominal Injuries 
in 23 Patients with Hemothorax 


No. of Percent 

Organ Injured Patients of Total 
Spleen 13 29.5 
Liver 12 27:3 
Diaphragm 9 20.4 
Stomach 4 9.1 
Jejunum 2 4.5 
Colon 1 2.3 
Kidney 1 2:9 
Inferior vena cava 1 2.3 
Fallopian tube 1 23 
Total 44 100.0 


in the other 4. Two patients with empyema re- 
sponded to further tube drainage while the 
other 2 required thoracotomy. Only 2 of the 4 
patients with fibrothorax received operative 
decortication. 


Immediate Thoracotomy 

Thoracotomy was performed as part of the ini- 
tial therapy in 9 patients: 4 for a medias- 
tinal exploration or a pericardial tamponade, 
2 for lacerated intercostal vessels, and 3 for a 
continued hemorrhage from pulmonary paren- 
chymal injury. 

Only 1 patient in this group experienced 
a complication. An empyema developed but 
the patient responded to tube thoraccstomy 
alone. 


Thoracentesis and Observation 

The initial therapy for limited hemothorax in 8 
stable patients was thoracentesis and observa- 
tion. Blunt trauma caused the hemothorax in 6 


of these patients while the other 2 had suffered 
stab wounds. Complications occurred in 4 pa- 
tients. Three required tube thoracostomies for 
expanding effusions for up to 23 days following 
injury. One (12.5%) subsequently had fibro- 
thorax and empyema which required multi- 
ple tube thoracostomies and thoracotomies for 
recurrent bouts of sepsis. Thus only 4 patients 
in this group were successfully managed with 
simple observation despite the benign appear- 
ance of their injuries. 


Associated Injuries 


In this series shock complicated the presenting 
signs in 30 patients. Twenty-three patients had 
hemothorax and abdominal injuries that re- 
quired celiotomy. Abdominal injuries noted at 
celiotomy are summarized in Table 1. Thirteen 
patients had splenic injuries requiring sple- 
nectomy, 12 had liver lacerations, and 9 had 
diaphragmatic lacerations as well as other in- 
traabdominal injuries. The significance of ab- 
dominal injuries is shown in Table 2. In those 
patients with empyema in all three groups, 5 out 
of 6 patients (83%) had associated intraabdomi- 
nal injuries. Two patients in the series (1.8%) 
died. Both had associated intraabdominal in- 
juries that led to sepsis and death. 

Skeletal injuries requiring operative inter- 
vention were present in 12 patients. These in- 
juries had no apparent effect on the outcome of 
the management of the associated hemothorax. 


Comment 


A number of sources may be responsible for 
blood accumulating in the chest following blunt 
or penetrating trauma. These include pulmo- 
nary parenchymal laceration, intercostal ves- 
sel laceration, rupture of pleural adhesions, 


Table 2. The Significance of Abdominal Injuries in 107 Patients with Hemothorax 


No. of Total 
Group Patients Mortality Empyema Fibrothorax Morbidity 
Hemothorax with 23 2 (996) 5 (2296) 0 5 (22%) 
abdominal injury 
requiring celiotomy 
Hemothorax without 84 0 1 (1%) 4 (5%) 5 (6%) 


abdominal injury 
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mediastinal injury with or without major vascu- 
lar injury, cardiac injury with pericardial- 
pleural communication, and decompression of 
abdominal hemorrhage through a traumatic 
diaphragmatic injury. 

The vast majority of hemothoraxes, however, 
are due to bleeding from low-pressure pulmo- 
nary parenchymal vessels and will spontane- 
ously tamponade with adequate evacuation of 
the hemothorax and reapposition of the pleural 
surfaces. Thoracotomy is rarely required. In the 
present series 90 patients (8496) were success- 
fully managed with tube thoracostomy alone. In 
the group of 9 patients who required immediate 
thoracotomy for massive bleeding, only 3 were 
bleeding from pulmonary parenchymal lacera- 
tions. The efficacy of tube thoracostomy in 
managing traumatic hemothorax has been con- 
firmed by other investigators. Kish and co- 
workers [5] reported that 84% of their patients 
with chest trauma were successfully managed 
with tube thoracostomy drainage, and Siemens 
and associates [9] similarly managed 7296 of 
their patients with hemothorax from penetrat- 
ing thoracic trauma. | 

Previous reports from the Korean conflict 
suggested that intercostal tube drainage for 
hemothorax and pneumothorax results in a dis- 
proportionately high incidence of empyema [7, 
10, 11]. Valle [11] reported that he obtained 
good results in 79% of patients who were 
treated by thoracentesis alone, whereas 9296 of 
patients requiring decortication had previously 
been treated by tube thoracostomy. Subsequent 
series, however, have failed to confirm this ob- 
servation. Drummond and Craig [4] found an 
increased incidence of complications when 
thoracentesis alone was used to evacuate intra- 
pleural blood. In our patients treated by 
thoracentesis alone, empyema developed in 1 
and thoracostomy was required in 3 for drain- 
age of persistent pleural effusions despite the 
benign appearance of the initial injury. Thus 
5096 of the group treated with thoracentesis 
alone required subsequent invasive therapeutic 
manipulations. The data indicate that thora- 
centesis alone has no place in the manage- 
ment of acute hemothorax even if the injury 
appears minimal and the patient is stable. 


Corre_ating closely with the development of 
complications is the presence or absence of 
associated intraabdominal injuries. Of the 6 
patients in whom empyema developed, 5 had 
associated abdominal injuries. The overall 
morbidity for the patients with thoracoab- 
dominal injuries was 22% compared with only 
6% for those with thoracic injuries alone. Two 
patients in the series died, which constitutes an 
overall mortality of 1.8%. Both had thoracoab- 
dominal injuries and the cause of death was 
attributable to the abdominal rather than the 
thoracic injury. The increase in mortality asso- 
ciated with thoracoabdominal injuries has been 
confirmed by other investigators who reported 
mortality rates of 20 and 27% [2, 9]. The pres- 
ence of concomitant injuries particularly mag- 
nifies the significance of the chest injury by in- 
creasing the morbidity and mortality. 

Fibrothorax is said to be the result of defibrin- 
ation of intrapleural blood and deposition of 
the fibrin onto the pleural surface. Therefore, 
complete evacuation of the hemothorax is nec- 
essary to avoid this complication. Fibrothorax 
occurred in 4 patients in our series. None of 
these patients had previously undergone tho- 
racotomr. All were treated with tube thoracos- 
tomy and all were noted to have incomplete 
evacuation by thoracostomy alone. No patient 
in whom fibrothorax developed had an asso- 
ciated intraabdominal injury. 

The key to successful management of acute 
hemothcrax is early aggressive care in the form 
of adequate pleural evacuation by thoracostomy 
or thoracotomy in order to minimize the mor- 
bidity. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 

In 1979 only, the two parts of the examination 
will be given together. The time and place is 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 

In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Late Sequelae of Perioperative Myocardial Infarction 


John E. Codd, M.D., Robert D. Wiens, M.D., George C. Kaiser, M.D., 
Hendrick B. Barner, M.D., Denis H. Tyras, M.D., J. Gerard Mudd, M.D., 


and Vallee L. Willman, M.D. 


ABSTRACT The late sequelae of myocardial injury 
occurring at the time of direct myocardial revas- 
cularization are unknown. Fifty of 500 consecutive 
patients undergoing aortocoronary bypass grafting 
developed both electrocardiographic and enzymatic 
evidence of myocardial injury. They were matched 
with 50 patients of similar age, sex, history of previ- 
ous infarction, severity of angina, degree of coronary 
arteriosclerosis, and level of ventricular function as 
determined by preoperative angiographic studies. 
The conduct of the operation was identical in each 
group except for prolongation of total cross-clamp 
time in those patients with myocardial injury. The 
total number of vessels grafted, the conduit used, 
and the operative mean graft flow were similar. Re- 
sults of treadmill stress testing at 24 to 36 months 
were not significantly different between groups. 
Angina status, long-term survival, graft patency, 
and ventricular function were not adversely affected 
by intraoperative myocardial injury. However, post- 
operative ventricular function and stress test per- 
formance were related to graft patency. 


The development of direct myocardial revas- 
cularization has added a promising modality to 
the treatment of ischemic heart disease. Aor- 
tocoronary bypass grafting is being performed 
with low operative mortality and high inci- 
dence of relief of angina pectoris [3, 11]. De- 
spite widespread application of bypass grafting 
and its effectiveness in improving the quality of 
life [16], several important aspects remain to 
be clarified. One of these issues is the sig- 
nificance of perioperative myocardial infarction 
(MI) [4, 6]. Depending upon the criteria used to 
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establish the diagnosis, the reported incidence 
ranges between 5 and 3596 |21, 26]. 

Although myocardial necrosis occurring at 
the time of aortocoronary bypass grafting is the 
most common cause of operative mortality [5, 
20], the majority of perioperative MIs are elec- 
trophysiological events occurring in patients 
who have a postoperative course not notably 
differen: from that of other bypass patients. 
The purpose of this report is to evaluate the 
effects of perioperative myocardial injury on 
in-hosp:tal morbidity, pain relief, late ven- 
tricular function, longevity, and remote car- 
diovascular events. 


Materials and Methods 

Five hundred consecutive patients undergoing 
aortocoronary bypass grafting at Saint Louis 
University Hospitals between 1972 and 1975 for 
angiogrephically proved arteriosclerotic coro- 
nary artery disease composed the study group. 
Five patients (196) who died intraoperatively 
were excluded from study. The remaining 495 
patients were evaluated with serial twelve-lead 
electrocardiograms and serum enzyme deter- 
minations performed preoperatively, on the 
day of operation, and postoperatively on days 
1, 3, and. 5. The patients ranged in age from 29 to 
73 years (mean, 57 years). Prior MI was docu- 
mented in 200 patients (4096). Severity of an- 
gina was graded according to the criteria of the 
New Yo-k Heart Association, and 440 patients 
(8896) had either Class III or Class IV angina. 
Bypass zrafting was performed on all major 
coronary arteries with stenosis of 7596 or more. 
An average of 2.5 grafts was performed per 
patient. 

Essential components of operative technique 
were moderate hemodilution, moderate hy- 
pothermic extracorporeal circulation with in- 
termittent aortic cross-clamping, and myocar- 
dial pro-ection by means of core cooling and 
application of Ringer's lactate slush. Distal 
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anastomoses were performed with several pe- 
riods of myocardial ischemia. Between is- 
chemic periods, the myocardium was perfused 
with the heart beating for at least 5 minutes, 
with electrical defibrillation if necessary. Occa- 
sionally, right coronary artery distal anas- 
tomoses were performed by local isolation of 
the vessel with the heart beating. The internal 
mammary artery was frequently grafted to the 
left anterior descending artery; reversed seg- 
ments of saphenous vein were used for all other 
grafts. 

Acute MI was considered to be present if Q 
wave or Q-5 deflection associated with charac- 
teristic S-T segment and T wave changes per- 
sisted postoperatively. Acute ischemic injury 
was diagnosed if (1) S-T segment depression 
was greater than 2 mm in the left ventricular 
leads, (2) deep T-wave inversion persisted for 
more than 48 hours, or (3) arrhythmia such as 
ventricular tachycardia, ventricular fibrillation, 
or heart block occurred. These criteria have been 
used by Hultgren and associates [21]. Standard 
analytical methods were used in the enzyme 
analysis of serum glutamic oxaloacetic transami- 
nase (SGOT), total creatine phosphokinase 
(CPK), and lactic dehydrogenase (LDH). The 
results and techniques of analysis of the isoen- 
zymes of CPK and LDH have been reported [13]. 

Left ventricular function was evaluated by in- 
jection of 0.7 ml per kilogram of contrast medium 
in a 2-second period. Results were analyzed in- 
dependently and compared for change ir: level 
of function. The ventriculograms were clas- 
sified into four groups: normal, mild im- 
pairment (akinesia, dyskinesia, or hypokinesia 
in one of the five ventricular segments), moder- 
ate impairment (involvement of two or more 
ventricular segments), and severe impairment 
(generalized decrease in contraction in a dilated 
left ventricle) [17]. 

Fifty patients demonstrated electrocardio- 
graphic evidence of perioperative MI, con- 
firmed by a SGOT level greater than 100 sigma 
units or an LDH-1 level greater than 160 IU. 
These patients were matched with 50 control 
patients of similar age, sex, history of prior MI, 
angina class, degree of coronary artery disease, 
and ventricular function as determined by pre- 
operative angiographic studies. These 100 pa- 


tients were followed from 18 to 60 months 
(mean, 27 months). Angina status, exercise tol- 
erance, and current medical management were 
ascertained by interview. Coronary arteriog- 
raphy and left ventriculography were per- 
formed at 1 week, 18 months, and 36 months 
postoperatively. 

Treadmill stress testing was accomplished 
18 to 36 months postoperatively (mean, 20 
months) with a maximal test according to the 
protocol of Bruce and associates [8, 9]. Exercise 
was not discontinued at 85% of age-predicted 
maximum heart rate. Reasons for discontinuing 
exercise included fatigue, anginal discomfort, 
excessive S-T segment depression, complex 
ventricular arrhythmias, or signs and symp- 
toms of cardiovascular collapse. Because the 
level of fitness of our patients was not known, 
an extra stage was added. This first step, stage 
0, consisted of a 0 grade and a speed of 2.7 
km per hour. Heart rate and electrocardiogram 
were monitored constantly, and blood pressure 
was recorded every 3 minutes during exercise 
and every minute following exercise. Medica- 
tions were not withheld prior to exercise test- 
ing. 

A positive test was identified by the de- 
velopment of a flat or a downsloping 5-T seg- 
ment of 1 mm or more at 0.08 second following 
the J point. S-T segment flattening or slow 
upslope of a J point and S-T segment was con- 
sidered equivocal. If there was an abnormal 
baseline S-T segment, a further S-T segment 
depression of at least 1 mm was required for the 
test to be labeled positive. The maximal exer- 
cise test equivalents for maximum oxygen up- 
take were derived from nomograms based upon 
Bruce's previous work relating exercise loads to 
maximum oxygen uptake. 


Results 

The two patient groups were virtually identical 
(Table 1) in terms of mean number of vessels 
grafted, specific vessels grafted, mean vessel 
size, intraoperative graft flow, total pump time, 
and aortic cross-clamp time. Risk factors that 
may [17] or may not [19] contribute to pro- 
gression of coronary arteriosclerosis or adversely 
affect long-term graft patency or ventricular 
function were compared. Both study groups 
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Table 1. Number of Bypass Grafts, Vessel Size, 
and Intraoperative Graft Flows in 50 Patients 
with Perioperative MI and 50 Control Patients 


No. of Mean Graft 
Grafted Vessels Size Flow 
Vessel Grafted (mm) (ml/min) 
PERIOPERATIVE MI GROUP 
RCA 40 2.1 74 
LAD 48 1.9 67 
CCA 29 1.9 90 
CONTROL GROUP 
RCA 37 2.3 88 
LAD 46 1.9 61 
CCA 23 1.93 73 


MI = myocardial infarction; RCA = right coronary artery; 
LAD = left anterior descending coronary artery; CCA = 
circumflex coronary artery. 


had a similar incidence of diabetes mellitus 
(either overt or detected by glucose tolerance 
test) and elevated serum levels of cholesterol, 
uric acid, triglycerides, and total lipids. The 
number who had hyperlipidemia by lipopro- 
tein electrophoresis and who had a history of 
smoking was also similar. 

Except for the electrocardiographic and en- 
zymatic changes present in the perioperative 
MI group, no discernible difference between 
groups was established during the immediate 
postoperative period. Three patients, 2 of 
whom were in the perioperative MI group, re- 
quired intraaortic balloon counterpulsation for 
24 hours postoperatively. An additional 3 pa- 
tients required inotropic cardiac support be- 
yond the first 18 hours postoperatively. One of 
these patients had electrocardiographic evi- 
dence of MI. Incidence of arrhythmias, mean 
length of stay in the intensive care unit, and 
total period of hospitalization were similar be- 
tween groups. 

Three late deaths have occurred. Two were 
in the perioperative MI group; both were non- 
cardiac in origin. One patient died 1 year 
postoperatively of hepatic failure following a 
portacaval shunt for bleeding varices, and the 
second died 4 years postoperatively follow- 
ing a cerebrovascular accident. The single late 


death ia the control group, which occurred 3 
years postoperatively, was sudden and of un- 
known cause but was likely cardiac in origin. 

Data were complete on 45 of 48 survivors in 
the per.operative MI group and on 35 of 49 in 
the con:rol group. In the perioperative MI group 
2 late MIs have occurred, one at 5% years 
and the other at 34% years postoperatively. 
In the control group an MI occurred 234 years 
postoperatively in 1 patient. In the other pa- 
tients no history compatible with a late car- 
diovascular event was elicited. Electrocardio- 
graphic data were not available for complete 
analysis. 

Histarical review was made by a trained in- 
terviewer at a mean of 30 months postopera- 
tively (ange, 18 to 60 months). Angina relief, 
exercise tolerance, and current medication re- 
quirem2nts were assessed. Data were available 
in 45 patients in each group. Relief or im- 
provement of angina occurred in both groups. 
Subjective evaluation of exercise tolerance was 
difficult but was judged to be improved or un- 
changed in 38 of 40 patients in each group 
(9596). No significant difference in medication 
requirements was observed. Propranolol for ar- 
rhythmias was used in 2596 of each group, but 
at greatly reduced levels. Neither recurrent or 
persistent angina pectoris nor impaired exer- 
cise tolerance was related to the development of 
ventricular function. 

Graft patency and ventricular function were 
judged on the basis of cardiac catheterization 
postoperatively and at 18 and 36 months (Table 
2). Eary graft patency was 85% in the peri- 
operative MI group and 8896 in the control 
group, and at 18 months it was 80.596 and 8896, 
respect. vely. This difference is not statistically 
significant. Although a further decline in pa- 
tency Ey 3 years is not apparent, the data are 
insufficient for meaningful analysis. Patency of 
individual grafts to the right, circumflex, and 
left anterior descending coronary arteries was 
evaluated in relation to the location by electro- 
cardiogram of the MI; a relationship between 
graft occlusion and development of periopera- 
tive electrocardiographic changes could not be 
established. Anterolateral electrocardiographic 
changes were frequently seen, whereas patency 
of left anterior descending coronary artery 
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Table 2. Total Graft Patency, Number of Patients 
Studied, and Total Number of Grafts at Risk 


Time of No. of 
Graft Patients No. of Patent 
Evaluation Studied Grafts 


PERIOPERATIVE MI GROUP 


Immediate 50 100/125 (84.8%) 
postop. 

18 mo 40 83/103 (80.5%) 

36 mo 10 2126 (80%) 


CONTROL GROUP 





Immediate 50 107/119 (89.9%) 
postop. 

18 mo 38 86,97 (88.6%) 

36 mo 3 66 (100%) 


MI = myocardial infarction. 


grafts was 92% in the perioperative MI group 
and 95% in the control group. 

The level of left ventricular function deter- 
mined by the most recent postoperative ven- 
triculogram was compared with that observed 
preoperatively. Global ventricular function was 
judged to be improved or unchanged in 41 of 50 


patients in the perioperative MI group and in 46. 


of 50 patients in the control group. Although 9 
patients in the perioperative MI group and 4 in 
the control group had a decrease in ventricular 
function, no relationship could be established 
between the occurrence of perioperative MI and 
late ventricular function. Analysis of graft pa- 
tency and late ventricular function showed that 
an occluded graft occurred in 12% of the pa- 
tients whose ventricular function was judged 
improved, in 30% of the patients with un- 
changed ventricular function, and in 52% of the 
patients with a decline in ventricular function. 

Postoperative stress testing was obtained in 
25 patients with perioperative MI and in 29 in 
the control group. No differences in risk factors, 
preoperative status, or graft patency were de- 
tected between the group studied and that not 
studied. The interpreted results as previously 
defined are depicted in Table 3. No significant 
difference could be detected between patients 
with and without MI in oxygen consumption, 
maximal exercise tests achieved, cumulative 
seconds of exercise, or incidence of arrhythmia 


Table 3. Results of Maximal Exercise Tests 
in 25 Patients with Perioperative Infarction (MI) 
and 29 Controls (Non-MI) 


Factor MI Non-MI 
Stress Test 
Positive 7 11 
Negative 14 16 
Equivocal 4 2 
Arrhythmia 
Before 2 3 
During 9 10 
After 7 4 
Cumulative seconds 562 + 41 698 + 44 
Maximal exercise 1.3 1.3 
tests 


Table 4. Graft Occlusion in Relation 
to Maximal Exercise Tolerance in 25 Patients 
with Perioperative MI and 29 Control Patients 


No. of No. of 

Perioperative Control 

MI Patients Patients 
Results of with Graft with Graft 
Stress Test Occlusion Occlusion 
Positive 47 (57%) 6/12 (50%) 
Negative 3/14 (21%) 0/16 (0) 
Equivocal 2/4 (50%) 113 (100%) 


MI = myocardial infarction. 


before, during, or after exercise. However, 
analysis of stress testing in relation to graft pa- 
tency (Table 4) shows that patients with graft 
occlusion had a significantly greater incidence of 
positive stress tests. 


Comment | 
The low operative mortality of aortocoronary 
bypass grafting and the marked symptomatic 
improvement of angina pectoris, often when 
medical management has failed [16], have re- 
sulted in widespread application of bypass 
grafting in patients with coronary artery dis- 
ease. À disquieting feature of the procedure is 
the frequency of acute perioperative MI re- 
ported [1, 7, 14, 15, 20, 26]. 

The diagnosis and sequelae of perioperative 
MI continue to be hotly debated. There is little 
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agreement as to why this complication occurs. 
Our findings agree with those of Morton and 
associates [26] that there is no predictive rela- 
tionship between the conduct of the operation, 
the degree of atherosclerosis, the number of 
vessels grafted, the level of ventricular function, 
and the atherosclerotic risk factors. 

Hultgren and associates [21] have reported 
that 36% of the patients who undergo direct 
myocardial revascularization sustain myocar- 
dial injury; they also state that "acute intra- 
operative myocardial infarction is not only an 
important nonfatal complication, but an impor- 
tant cause of death" [21]. There is no doubt 
that myocardial necrosis does contribute to the 
mortality associated with aortocoronary bypass 
grafting [7, 11]. 

Other studies have documented that death 
occurs most frequently in patients with severe 
depression of ventricular function [22, 24]. 
The operative mortality in our series was 196. 
The entire experience at Saint Louis University 
from 1970 to June, 1976, includes 1,541 patients 
[27] with an operative mortality of 2.696. 
Others have reported similar results [8, 11, 
16]. This is not to say that any level of myocar- 
dial necrosis is acceptable. We have previously 
reported a 1096 incidence of infarction and a 
1096 incidence of persistent ischemia using the 
criteria described. The incidence of MI has been 
lowered to 496 in the last 125 patients by the use 
of potassium cardioplegia in an attempt to im- 
prove intraoperative myocardial preservation.” 

We and others [7, 26] have been impressed 
with the benign nature of perioperative MI, in 
that these patients have a course not substan- 
tially different from that of other patients 
undergoing bypass grafting. Brewer and as- 
sociates [7], in attempting to explain this phe- 
nomenon, postulated that this MI is better tol- 
erated because of the hypothermia and the 
amelioration of sympathetic response that occur 
with anesthesia. This study was undertaken to 
delineate the effects of a perioperative MI aside 
from intraoperative mortality. Study groups 
were matched for age, sex, angina class, and 
level of ventricular function as determined by 


*Barner HB, Laks H, Codd JE, et al: Cold blood as a vehicle 
for potassium cardioplegia. Unpublished data, 1978. 


preoperative cardiac catheterization. Retro- 
spective analysis of patients documents the 
similarity of the groups with regard to conduct 
of the operation and risk factors that may affect 
long-term results. Evaluation of ventricular 
functicn by cineangiography in the late post- 
operative period did not reveal a significant 
change in global or segmental function among 
patients with or without a perioperative MI. 
The level of exercise, as determined by maximal 
stress testing, could not separate the groups. In 
contrast to the findings of Bonchek and as- 
sociates [5], who believe that decline in ven- . 
tricule- function is secondary to perioperative 
myoca-dial injury, our study indicates that it is 
the completeness of revascularization that af- 
fects ventricular function [2, 5, 10, 12, 17]. 
Occluced grafts occurred more frequently with 
a decliae in ventricular function in both groups 
[18, 25]. Additionally, the occurrence of a posi- 
tive stress test had a high correlation with a 
greater degree of graft occlusion [17, 23]. The 
occurrence of a perioperative MI did not sig- 
nificantly affect the incidence of late cardiac 
events or influence long-term survival, angina 
relief, or functional level. 

The majority of perioperative MIs are elec- 
trophysiological events that do not greatly affect 
hospi:al morbidity, subjective pain relief, level 
of exercise tolerance, or level of ventricular 
function as determined by cineangiography 
and maximal exercise testing. The effect on the 
individual patient cannot be answered by this 
study. The functional level achieved postopera- 
tively is dependent upon the completeness of 
the revascularization. 
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Discussion 

DR. R. DARRYL FISHER (Nashville, TN): I compliment 
Dr. Codd and his co-workers for their objective as- 
sessment of a complex clinical problem. Several as- 
pects of this problem are worthy of discussion. 

First, the incidence of perioperative MI varies ac- 
cording to the diligence with which one searches for 
it and the criteria that one uses to define it. For 
example, their incidence of 1096 perioperative MI is 
about midrange for perioperative infarction. Their 
rate was detected by the most stringent criteria for 
the diagnosis of perioperative infarction, that is, & 
new Q wave or a new Q-5 abnormality corroborated 
by cardiac enzymes. If more sensitive monitors of 
myocardial necrosis are used in the perioperative pe- 
riod, such as myocardial scanning techniques, 2 
much higher incidence of MI will be detected. The 
first question I would ask is related to the incidence 
of perioperative infarction: by using such stringent 
electrocardiographic criteria, is it possible you have 
overlooked some patients who have sustained myo- 
cardial injury, and would that not influence your re- 
sults? 

Second, the technique of analysis of ventricular 
performance used by Dr. Codd and his co-workers is 
an overall or gross estimate of global ventricular per- 
formance. I wonder whether a more precise method 


for comparing ventricular performance preopera- zzz 


tively and postoperatively might not have been ap NM 


propriate for this study. It seems particularly im Áo 
tant for this type of ventriculographic analysis#tha LUE 


techniques such as computerized monitoring o Hes 


N EA 
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gional wall motion be used to assess the function of 
segments of left ventricular wall. ! 

The second and third questions I would ask Dr. 
Codd are: Would regional wall analysis of the 50 pa- 
tients with MI show any abnormalities that were not 


revealed by the assessment of global ventricular func- 


tion, and, if regional wall abnormalities are not 
shown, what is the electrophysiological explanation 
for the new Q wave in this group of patients? 
Finally, the authors clearly point out that this study 
does not and cannot justify any level of myocardial 
necrosis occurring as a result of direct myocardial 
revascularization. Although their data are reassuring 


to us as clinicians, certainly myocardial preservation 


remains the key to the conduct of an uncomplicated 
direct myocardial revascularization procedure. 


DR. FRANCIS ROBICSEK (Charlotte, NC): This paper 
clearly points to our need to know more than we 
presently do about the state of coronary circulation 
during operation. We use an approach different from 
that of the authors, and we apply the thermographic 


camera to measure myocardial blood flow of the ex- 


posed heart during operation. 

It has been demonstrated before that if the coro- 
nary circulation is insufficient in a specific area of the 
heart, the temperature of the ischemic myocardium 
will drop. We studied this phenomenon experimen- 
tally at first, and we found that constriction of the 
coronary arteries in the dog leads to an immediate 
and well-demonstrated drop in myocardial tempera- 
ture. 

In the exposed human heart we observed the same 
phenomenon. Ischemic areas are "colder'' than areas 
with good blood supply. Using the same principle, 
one can clearly demonstrate the patency of inserted 
coronary grafts as well as the area supplied by the 
graft, either by allowing warm blood to flow through 
the graft into the ischemic area or by injecting cold 
saline into the graft. Naturally, in the latter case the 
supplied area will show up as a cold rather than a hot 
spot. 

We have found this method quite promising and 
useful in outlining ischemic areas of myocardium in 


the opzrating room as well as in permitting study of 
blood flow through the grafts. 


DR. JOEN E. HUTCHINSON (New York, NY): My col- 
leagues and I have operated on a number of patients 
in whcm we have seen, on the preoperative ven- 
triculogram, areas of impaired contractility, and in 
whom at operation we have observed scar tissue not 
interpreted as such on the preoperative electrocar- 
diograras. Usually these areas of scar tissue are in the 
distribution of arteries that are totally obstructed an- 
giograrhically and that may fill distally by collateral 
flow. I wonder if the authors have encountered any 
such cases in their series, and I also wonder if they 
have any electrophysiological explanations for these 
rather paradoxical phenomena. 


DR. comp: To answer Dr. Fisher's first question, on 
the possibility of overlooking MI, we used the elec- 
trocarc-ographic criteria of Hultgren and divided pa- 
tients into two groups, those who developed a Q 
wave and those who showed S-T segment and T 
wave changes for 48 hours defined as persistent 
ischem:a. The patients we accepted for continued 
follow-up were those 50 patients whom we thought, 
based cn electrocardiographic and enzyme analysis, 
had an MI in the immediate postoperative period. 
The ob'ective was to assess the significance of the 
perioperative infarct. 

Accurate assessment of ventricular function is 
difficut. We divided the ventricular wall into five 
segmerts and tried to score the segmental wall con- 
tractior without knowledge of graft patency or elec- 
trocarc:ographic status. Computerized analysis of | 
left ventricular function assigns numbers to ventricu- 
lar function, but itis doubtful if the computer is more 
accurate than the experienced angiographer in as- 
sessing ventricular function. 

Dr. E:utchinson, I really can't answer your question 
on electrophysiological events that are occurring here 
or why the Q waves develop. It has been demon- 
strated that Q waves will develop in an area well 
vascula-ized with a patent graft and from ischemic 
areas fcllowing revascularization. 


Operative Risk in Patients 


with Previous Coronary Artery Bypass 
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ABSTRACT Noncoronary operations were per- 
formed in 358 patients who had undergone a previ- 
ous coronary artery bypass grafting, with a mortality 
of 1.1%. In 70 patients (2095), the staged operation 
was planned and subsequent operation performed 6 
to 12 weeks after bypass with no cardiac complica- 
tions and 1 death. In the others, operation was per- 
formed 10 days to 89 months after bypass fcr either 
urgent reasons or new lesions. Three deaths and sig- 
nificant numbers of medical cardiac complications 
occurred in those patients subjected to operation 
within 30 days. The subsequent operation was vas- 
cular in 232 patients, with 3 deaths (1.395); thoracic 
in 43, with no deaths; and general surgical in 113, 
with 1 death (0.9%). Follow-up study showed 307 
patients (87%) still alive after 30 days to seven years. 
Late death was due to myocardial infarction in only 
12 patients (396). This study suggests that the risk of 
operation is as good in patients who have had suc- 
cessful coronary artery bypass as in those without 
coronary artery disease, and that the risk of sub- 
sequent myocardial infarction is small. 


Patients with coronary artery disease are well 
known to be at increased risk during a major 
operation, having a higher postoperative mor- 
tality, a greater incidence of postoperative myo- 
cardial infarction, and a shorter life expectancy. 
Recent studies indicate that in all forms of coro- 
nary artery disease, even those not producing 
symptoms, patients undergoing hysterectomy, 
urological procedures, herniorrhaphy, or mas- 
tectomy face an operative mortality several 
times that of patients without coronary artery 
disease [1, 2, 8]. Other studies show that the 
risk varies with both the severity of heart dis- 
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ease and the type of operation. For example, the 
risk of operation after myocardial infarction 
ranges from 7 to 77% depending upon the sever- 
ity of infarction and the interval between infarc- 
tion and operation [2]. The operative mortality 
following resection of an abdominal aortic an- 
eurysm in patients with atherosclerotic heart 
disease is documented to be about 12% [3, 11]. 
Moreover, the five-year survival rate in these 
patients is only 51%, compared with 81% for a 
general population of similar age and sex [3]. 
The difference is largely due to the higher inci- 
dence of cardiac problems in patients with 
coronary artery disease. Several recent reports 
suggest that successful coronary artery bypass 
performed before vascular operations decreases 
this risk [5, 6, 9, 10]. We are in agreement with 
this opinion, and we present here our experi- 
ence with coronary artery bypass and sub- 
sequent operations of all types. 


Clinical Material 

Coronary artery bypass operations have been 
performed in 6,800 patients by the senior au- 
thors during the past nine years. Our experi- 
ence includes patients with angina, preinfarc- 
tion syndromes, previous myocardial infarc- 
tion, acute myocardial infarction, lesions of the 
left main coronary artery, valve disorders, ven- 
tricular aneurysm, and impaired left ventricular 
function as well as patients previously un- 
dergoing operation elsewhere. The operative 
mortality in these patients was 4.1%. Of the 
surviving patients, 358 underwent a variety of 
other major operations performed by the au- 
thors or their associates at Methodist Hospital, 
Houston, TX, from 10 days to 89 months after 
bypass. This sampling of the bypass population 
forms the basis of our study. Excluded are the 
relatively large number of patients having 
simultaneous operation, principally carotid en- 
darterectomy, since these have been previously 
reported and are irrelevant to the present study 
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Table 1. Clinical Indications for Coronary Bypass 
in 358 Patients 


No. of 

Indication Patients 
Angina 304 (85%) 
Myocardial infarction 45 (13%) 
Heart failure 4 (190) 
Other 5 (199) 

Total 358 (10096) 

250 (235) [. ] Pre coronary artery bypass 







Pre-second procedure 
(179) 


NO. PATIENTS 


| | NN IV 
NYHA CLASSIFICATION 


Fig 1. Functional classification of 311 patients. 


[7]. Also excluded are those patients who 
underwent subsequent reoperation for coro- 
nary artery disease and those who had sub- 
sequent operations elsewhere. It was necessary 
to exclude this latter group because it was not 
possible to obtain the details necessary for the 
analysis required by this study. 

There were 307 men and 51 women in the 
present series, ranging in age from 33 to 76 
years with a mean age of 56 years at the time of 
bypass. The clinical indications for coronary 
bypass are shown in Table 1. The New York 
Heart Association Functional Classification of 
those who could be classified prior to the sec- 
ond operation is shown in Figure 1. Most of the 
patients were in either Class III or Class IV be- 
fore coronary artery bypass grafting, and most 
had reverted to Class I or II before the second 
operation. The number of grafts inserted per 
patient is shown in Table 2. The majority of 
patients treated in the past six years had multi- 
ple grafts, whereas single grafts were more fre- 
quent in our earlier experience. 

Coronary arteriography was performed prior 
to the second operation in 149 patients, 76 of 
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Table 2. Number of Bypass Grafts Inserted per 
Patient in 358 Patients 


No. of 
No. of Grafts Patients 
One 93 (2690) 
Two 207 (58%) 
Three 58 (16%) 
Total 358 (10096) 


Table 3. Subsequent Operative Procedures in 358 
Patients 


No. of 


No. of Frocedures Patients 


One 266 (74%) 
Two 70 (20%) 
Three or more 22 (6%) 
Total 358 (100%) 


whom had symptoms. All grafts inserted were 
patent in 101 patients (67%), and one or more 
grafts were patent in 141 patients (94%). An- 
giography was performed much more com- 
monly in symptomatic patients; consequently, 
we suspect that the true incidence of patients 
with at least one patent graft is higher than 
94%. Of interest is the fact that of 39 patients 
studied five years or longer after bypass, one or 
more grafts were patent in 38 (97%) and all 
grafts were patent in 31 (79%). 


Subsequent Operations 
The 358 patients in this study were subjected to 
484 subsequent operations. The majority had 
only one subsequent operation; however, a 
large number had several procedures (Table 3). 
Subsequent operations were planned before 
coronary bypass in 70 patients (20%) and were 
performed between 6 weeks and 3 months after 
bypass in most instances. The remaining opera- 
tions were for new or previously unrecognized 
conditions and were performed 10 days to 89 
months after bypass. Subsequent operations 
were performed within a month of bypass in 
5% of the patients and within two years of 
bypass in 65% of the patients (Fig 2). 

The tvpes of operations performed were aor- 
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Fig 2. Interval between coronary artery bypass end sub- 
sequent operation. 


Table 4. Types of Operations Performed afier 
Bypass in 358 Patients 


No. of 
Oper- No. of No. of 
Procedure ations Patients Deaths 
Aortic and 308 232 3 (1.396) 
peripheral 
vascular 
Thoracic 48 43 0 
General 128 113 1 (0.996) 
surgical 
Total 484 358 4 (1.196) 


tic and peripheral vascular in 232 patients (308 
operations), thoracic in 43 patients (48 opera- 
tions), and general surgical in 113 patients (128 
operations) (Table 4). The most common aortic 
and peripheral vascular operations performed 
were carotid endarterectomy in 97 patients, aorto- 
femoral bypass in 53, resection and graft re- 
placement for abdominal aortic aneurysm in 49, 
and femoropopliteal artery bypass in 39 (Table 
5) Other operations included vena cava 
ligation, brachial artery repair, peripheral an- 
eurysm, embolectomy, and carotid-subclavian 
bypass. Pacemaker implantation, chest wall 
procedures, and pulmonary resections consti- 
tuted the majority of thoracic procedures (Table 
6). Of the 11 pulmonary resections, 9 were for 
cancer of the lung and 2 for benign granuloma- 
tous disease. Esophageal resection was per- 
formed for cancer of the esophagus in 2 pa- 


Table 5. Types of Aortic and Peripheral Vascular 
Procedures Carried Out in 232 Patients 


No. of No. of 
Operation Procedures Deaths 
Carotid endarterectomy 97 2 
Aortofemoral bypass 53 0 
Abdominal aortic aneurysm 49 0 
Thoracic aortic aneurysm 3 1 
Femoral artery bypass 39 0 
Sympathectomy . 7 Ü 
Other 60 0 

Total 308 3 (1.396) 


Table 6. Types of Thoracic Procedures Carried Out 
in 43 Patients 


No. of No. of 

Operation Procedures Deaths 
Pacemaker insertion 17 0 
Chest wall resection 17 0 
Pulmonary embolectomy 1 0 
Pulmonary resection 11 0 
Esophageal resection 2 0 
Total 48 0 


Table 7. Types of General Surgical Procedures 
Carried Out in 113 Patients 


No. of No. of 
Operation Procedures Deaths 
Gallbladder 32 0 
Bowel resection 8 0 
Hiatus hernia 4 0 
Thyroid 4 0 
Gastrectomy 4 0 
Surface procedure 40 0 
Other 36 1 

Total 128 1 (0.996) 


tients. The general surgical procedures are 
listed in Table 7. Surface procedures included 
mastectomy, hernia repairs, skin grafts, and re- 
section of tumors of the skin and subcutane- 
ous tissues requiring general anesthesia. Other 
operations included Whipple procedures, 
splenectomy, excision of abdominal wall, pos- 
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terior excision of rectum, colostomy, explor- 
atory laparotomy, and amputation. 


Indications for Subsequent Operation 

The indications for subsequent operation were 
those commonly employed in patients with 
similar disease, and the proportion of elective 
and urgent indications was essentially the same 
as that in the general population except in the 
few patients with unimproved Class III or IV 
functional status. The indications for operation 
in these patients were more urgent and compel- 
ling than those in the general population. 


Results 

There were 4 deaths (1.1%) after the 484 sub- 
sequent operations in these 358 patients (see 
Tables 4—7). Death was due to stroke in 2 pa- 
tients after the second of a staged bilateral 
carotid endarterectomy procedure for transient 
cerebral ischemic attacks. One patient died 
from hemorrhage during operation for a dissect- 
ing aneurysm of the ascending aorta. One pa- 
tient died five years after coronary artery 
bypass from an extensive abdominal wall resec- 
tion for synergistic bacterial gangrene. This pa- 
tient had had a splenectomy 6 weeks previously 
for hypersplenism due to chronic leukemia. 

No deaths were of cardiac origin. In the sur- 
vivors, myocardial infarction occurred in 6 pa- 
tients, and troublesome rhythm disturbances 
that extended the hospital stay complicated re- 
covery in 14 other patients. Most of the compli- 
cations and 3 of the 4 deaths occurred in pa- 
tients subjected to subsequent operation within 
30 days of coronary artery bypass grafting. In 
this regard, it may be pertinent that none of the 
70 patients in whom subsequent procedures 
were planned before coronary artery bypass 
and carried out 6 weeks to 3 months later died 
or had major cardiac complications. 

The functional results of operation were con- 
sidered excellent. Patients surviving carotid 
endarterectomy were relieved of symptoms of 
cerebrovascular insufficiency. Death did not 
occur in the 102 patients requiring abdominal 
aortic operation or in the 39 who had femoral 
artery bypass grafting. All patients undergoing 
thoracic procedures survived, as did most un- 
dergoing general surgical operations. Current 
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Fig 3. Actuarial estimate of five-year survival after first 
secondarv procedure. 


follow-up information has been obtained in 
97.596 o£ these patients since their first sub- 
sequent operation. Of the 354 surviving pa- 
tients, 307 (8796) were still alive 30 days to 
seven years after operation. The cause of death 
in 29 of -he 47 patients who died late was cancer 
or pulmonary or renal problems. The cause of 
death was unknown in 6. l 

Of th= 9 patients who underwent operation 
for cancer of the lung, 4 died later of their dis- 
ease. Four patients are alive and well, 3 from 
one to three years and the other for more than 
five years after operation; 1 patient is lost to 
follow-..5. Death was of cardiac origin in 12 pa- 
tients (3%). An actuarial survival curve was 
construc:ed for survival following the first sub- 
sequent operation (Fig 3). Using this method, 
we conduded that a patient who has recovered 
from conary artery bypass and requires one 
or more subsequent operations that are in most 
instances for other arteriosclerotic lesions has a 
70% chence of living for five years after the op- 
eration. 


Commert 

The extremely high initial survival rate and the 
good functional results of subsequent opera- 
tions after successful coronary artery bypass, as 
shown :n this study and others, suggest that 
coronar? artery bypass reduces operative mor- 
tality frcm complications of coronary artery dis- 
ease. M-reover, our study suggests that coro- 
nary artery bypass reduces the incidence of 
myocarc ial infarction and death in the follow- 
up pericd. For example, in this series 49 pa- 
tients underwent resection of abdominal aortic 
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aneurysm, and all survived, in contrast to the 
accepted mortalitv of 1296 in such patients. 
Nearly equal numbers of patients were sub- 
jected to aortofemoral and femoropopliteal ar- 
tery bypass grafting without a death. Prior to 
coronary artery bypass, most of these patients 
would not have been operated on because of 
the risks and because claudication produced the 
necessary limitation of activity. Now, after re- 
lief of angina and of the need for restricted ac- 
tivity, patients are insisting upon relief of 
claudication. Of interest is the fact that only 12 
(390) of the 354 patients who survived sub- 
sequent operations have died from myocardial 
infarction during the follow-up period since 
their first subsequent operation. The predicted 
five-year survival rate was 7096 for the entire 
group having multiple operations for more than 
one lesion, which is 1896 less than that expected 
in the general population. Thus combinations 
of operations did not restore life expectancy to 
normal; in fact, the attrition rate gradually 
widened to the disadvantage of the patients 
requiring operation. Consideration must be 
given, however, to the fact that the most serious 
forms of disease, including cancer and multiple 
arteriosclerotic lesions, were concentrated in 
this series of cases; consequently, a five-year 
survival of 70% may be considered satisfactory. 

Comparison of actuarial estimates of long- 
term survival for patients in each group with 
estimates for a similar group who did not have 
previous coronary artery bypass grafting would 
be helpful in determining the advantages of 
coronary artery bypass for long-term survival. 
This comparison is not possible at present, 
since there are not enough patients in each 
group in our series to allow a valid comparison. 
Enough patients had coronary artery bypass fol- 
lowed by carotid endarterectomy for us to make 
a short-term comparison after carotid endar- 
terectomy with confidence (Fig 4). The survival 
rate of patients undergoing coronary artery 
bypass and then carotid endarterectomy in this 
series was compared to that of a similar group 
of patients who had coronary artery disease and 
carotid artery obstruction treated by carotid en- 
darterectomy alone [4]. At the end. of three 
years, the survival rate of patients undergoing 
the combined procedure was 1596 better than 
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Fig 4. Survival rate of patients undergoing carotid endar- 
terectomy. (CAB = coronary artery bypass.) 


that of patients undergoing endarterectomy 
alone. Regardless of this encouraging finding, 
we can say only that major operation after suc- 
cessful coronary artery bypass is as safe as it is 
in a patient who does not have coronary artery 
disease. Further, we would advise postponing 
the second operation for 6 weeks to 3 months 
whenever possible, since most of the complica- 
tions in our series occurred when operation was 
performed within 30 days of bypass. 
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Discussion 

DR. GEORGE C. KAISER (St. Louis, MO): Dr. Crawford 
has presented a typical Houston series, both from the 
standpoint of numbers and beautiful results. Of ap- 
proximately 7,000 patients who underwent myocar- 
dial revascularization, 5% had a subsequent opera- 
tion of another type with a 196 mortality. This rate is 
indeed rather remarkable. About two-thirds of the 
reoperations were for vascular problems other than 
the initial one. In 49 of the patients abdominal aortic 
aneurysmectomy was performed, and additional pa- 
tients were treated for obstructive aortoiliac disease. 
There were no operative deaths in these groups. This 
result can be compared with the published mortality 
for aneurysmectomy of 10 to 1296 in patients who 
have associated coronary artery disease. If anything, 
this improved survival in these high-risk groups 
should add credence to the prophvlactic benefits of 
coronary artery bypass grafting. 

The experience at my institution has been similar 
from the standpoint of mortality and frequency of 
vascular operations. We have noticed one other 
group of patients who have required additional 
operative treatment following bypass grafting. These 
patients complain of impotence after the angina pec- 
toris has disappeared. Urologists at our institution 
have implanted a Scott prosthesis in these patients 
with gratifying results. I wonder if Dr. Crawford's 
group has had any experience with this particular 
problem. 

Another question for Dr. Crawford relates to the 
association of coronary artery and peripheral vas- 
cular disease. In the present study, about 596 of the 
patients seen with coronary artery disease had asso- 
ciated symptomatic vascular disease. This has been 
our experience also, and we have wondered about 
this low incidence since, in patients seen with symp- 
tomatic peripheral vascular disease, the incidence of 
coronary disease is much higher. 

In view of this difference, how does Dr. Crawford 
currently screen patients who come to him with 
symptomatic peripheral vascular disease, and how 
does he determine the sequence of operations if 
myocardial revascularization is indicated in addition 
to another vascular procedure? 


DR. JOHN HINES KENNEDY (Gates Mills, OH): Speaking 
as a forrrer Baylor faculty member, I would like to 
compliment Dr. Crawford on his excellent results in 
this large series of patients. I have one question 
which ccncerns the patient who has had a vein 
bypass graft and concomitant valve replacement, re- 
quires life-long anticoagulant therapy, and faces an 
operative procedure for which management of the 
anticoagrlant therapy during the second periopera- 
tive pericd may be a problem. It has been my experi- 
ence that when such patients undergo mastectomy, 
for example, no problems have accrued when warfa- 
rin therapy is discontinued a day or two before oper- 
ation, anticoagulant therapy is not reversed with an- 
tagonist medication, and anticoagulants are resumed 
as soon as the drains are removed. Some surgical 
situations, such as those involving the eye, the brain, 
or the urological system, may represent a special 
case. I have had no experience with such exceptions. 


DR. JOHN C. NORMAN (Houston, TX): As of December 
30, 1977, our aortocoronary bypass series at the Texas 
Heart Institute numbered 12,310 procedures. The 
overall operative mortality for bypass without other 
procedures was 3.696. 

We agree with Dr. Crawford that after aortocoro- 
nary bypass the patient is essentially free of coronary 
artery occlusive disease. We appreciate that since 
atherosclerosis is a generalized process, patients fre- 
quently have carotid and peripheral vascular disease 
in conjunction with it. 

We have reported similar combined operations in 
the Bullesin of the Texas Heart Institute (Coronary 
artery occlusive disease: current pandemic and sur- 
gical inroads. Cardiovasc Dis, Bull Texas Heart Inst 
2:26, 1975. 

May I ask Dr. Crawford how he deals with carotid 
stenosis in a patient who needs aortocoronary 
bypass? V/e have noted an apparent higher incidence 
of neurological complications when the carotid and 
revasculacization operations are done together. 
While we frequently repair a hiatal hernia and re- 
move an abdominal aneurysm or gall bladder at the 
same operation, we are hesitant to combine car- 
diopulmonary bypass with carotid surgery. 


DR. LUIS £. TOMATIS (Grand Rapids, MI): Since June, 
1968, we nave studied patients with peripheral vas- 
cular disease by simultaneous peripheral and coro- 
nary transbrachial angiography. Of the patients who 
had a normal electrocardiogram and no history of 
angina, rayocardial infarction, or congestive heart 
failure, 12% had severe coronary artery disease (75 to 
99% occlusion) and 1296 had moderately severe dis- 
ease (50 to 75% occlusion) in 1 or more coronary ar- 
teries. 

Based an these findings, for the past nine years in 
some patients, we have simultaneously operated on 
the coronary and peripheral lesion, performed ab- 
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dominal aneurysm excision, and done femoropop- 
liteal and aortoiliac bypass; or we have staged the 
procedures, doing the coronary bypass first. During 
this period we have had no cardiac deaths in elective 
vascular procedures. 


DR. CRAWFORD: I would like to thank all who dis- 
cussed this paper; their comments were interesting 
and added knowledge to the subject. 

Dr. Kennedy poses the problem of managing the 
patient on anticoagulants following cardiac operation 
who is about to undergo another operation. I rec- 
ommend discontinuing anticoagulants, restoring the 
coagulation factors to normal by the time of second 
operation, and resuming anticoagulants 24 hours 
after the operation. Rare situations may require some 
form of anticoagulation during this interval; under 
these conditions, I recommend “low dose heparin" 
because bleeding could be more easily controlled 
should it occur. 

Sexual impotence has not been a major problem. In 
our patient population, it would seem that the oppo- 
site is much more common. In fact, anginal pain dur- 
ing intercourse is a frequent complaint and was a 
factor in the decision to perform coronary artery 
bypass. Fortunately, bypass surgery that relieves an- 
gina has restored sexual bliss to numerous couples. 
Should impotence be a problem, I am confidént that a 
patient who had a successful bypass procedure could 
safely undergo penile implantation if the attending 


urologist and psychiatrist judged the implantation 
worthwhile. 

The presence of other conditions in association 
with coronary artery disease is a common problem, 
and the timing of treatment has not been entirely 
settled by clinical studies. However, sufficient ex- 
perience is now available to indicate that a cere- 
brovascular operation can be performed safely at the 
time of a bypass procedure with better survival and 
with fewer strokes and myocardial infarctions than if 
the surgical treatment of the two lesions is staged. In 
abdominal aortic aneurysm, an associated condition, 
simultaneous bypass and aneurysm replacement has 
been performed because of the progressive nature of 
the angina and signs of aneurysmal leakage. Simi- 
larly, a bypass procedure has been performed simul- 
taneously with aortic and femoral artery reconstruc- 
tion in patients with angina and peripheral gangre- 
nous changes. Although therapy was successful 
and most patients survived, our experience is limited 
and final conclusions cannot be drawn from it. I con- 
clude from Dr. Norman's remarks that Dr. Cooley 
routinely treats the other lesion, regardless of type 
and location, at the time of bypass with uniform 
success. He deserves to be congratulated and encour- 
aged to present this experience in detail for analysis. 
Meanwhile, we will continue to defer the treatment 
of associated conditions that are not urgent, except 
cerebrovascular disease, until patients have fully re- 
covered from bypass operation. 


Safety and Rationale for Continuation of 
Propranolol Therapy During Coronary Bypass Operation 
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Robert E. Kates, Ph.D., Panayotis E. Karayannacos, M.D., and John S. Vasko, M.D. 


ABSTRACT Thirty consecutive patients undergo- 
ing coronary bypass were studied. Oral propranolol 
therapy was maintained up to 4 to 10 hours before 
operation. Nineteen of the patients had a history of 
myocardial infarction (MI), 14 had hypoakinetic 
areas, and 8 had decreased ejection fraction indicat- 
ing advanced coronary artery disease. 
Twenty-four-hour urinary 
norepinephrine obtained the day before operation 
were markedly increased at 136 + 12 wg per 24 hours 
(normal, 39 + 4 pg, p < 0.01). There were 4 
perioperative MIs (13%) and no deaths. Plasma 
propranolol 1 hour before operation was 43.3 + 8 ng 
per milliliter, indicating good beta blockade. Pro- 


epinephrine and 


pranolol was started within 24 hours postopera- 
tively. There were no preoperative, intraoperative, 
or postoperative complications related to propran- 
olol therapy. We conclude that because of mark- 
edly increased adrenergic tone the day before oper- 
ation and transient hypersensitivity to adrenergic 
stimulation after withdrawal of propranolol, this 
agent should be continued through coronary bypass 
operation. 


It is widespread practice to discontinue pro- 
pranolol at least 24 hours before coronary bypass 
operation to avoid the possible occurrence of 
undesirable hemodynamic effects [1, 29, 33, 34]. 
There have been, however, several reports of 
the precipitous development of unstable an- 
gina, sudden death, or myocardial infarction 
(MI) shortly after abrupt cessation of propran- 
olol in patients with coronary artery disease [2, 
18]. 
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A previous study from our laboratory dem- 
onstrated that a transient hypersensitivity to 
isoproterenol occurs 24 to 48 hours after pró- 
pranolal withdrawal in normal subjects [7]. If 
increased adrenergic activity caused by anxiety 
and stress is present before coronary bypass 
operation, abrupt cessation of propranolol 24 
hours before operation could be deleterious. 
We postulated, therefore, that propranolol 
should not be discontinued before coronary 
bypass operation. This study was undertaken 
to determine whether continuation of pro- 
pranolol throughout the perioperative period is 
safe anc whether any beneficial effect can be 
demonstrated. 


Material and Methods 

Thirty ratients between 37 and 61 years old 
(mean, 50.6 + 1 years) undergoing elective 
coronary bypass operation were studied. Before 
operation all were in New York Heart Associa- 
tion Functional Class III or IV because of an- 
gina; and 19 (6396) of the patients had a history 
of 1 MI or more. All patients underwent pre- 
operativ? coronary angiography and quantita- 
tive left ventriculography [21, 24, 30]. All were 
on chronic propranolol therapy, 80 to 240 mg 
daily (mean, 155 + 11 mg), in divided .doses. 
Propranolol was continued to 4 to 10 hours be- 
fore coronary bypass operation and was re- 
started within 24 hours after operation in 21 
patients. In the first 9 patients, this agent was 
not restzrted regularly after operation because 
the hypersensitivity to isoproterenol was un- 
known at that time. However, propranolol was 
administered intravenously (1 to 2 mg) to all 9 
patients 5n several occasions during the first 24 
hours after operation. 

The day before operation, 24-hour urinary 
epinephrine and norepinephrine excretions 
were measured by a modification of the trihy- 
droxyincole fluorometric technique [3]. The 
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normal range obtained from 35 hospitalized pa- 
tients with normal cardiovascular function and 
no obvious emotional or physical stress was 8.5 
+ 3 ug for epinephrine, 30.1 + 3 jg for 
norepinephrine, and 38.6 + 4 wg for combined 
excretion of the two [8]. None of the patients 
were taking drugs known to interfere with the 
elimination or excretion of catecholamines. 
Plasma propranolol was measured 24 hours and 
1 hour before operation by a gas-chro- 
matographic procedure [22]. 

Systolic time intervals were measured as pre- 
viously described from our laboratory, both 24 
hours before and two weeks after operation [27, 
36]. The ratio of the preejection period (PEP) to 
the left ventricular ejection time (LVET), or 
PEP/LVET, was used as an index of left ven- 
tricular performance [27, 36], while the duration 
of electromechanical systole corrected for heart 
rate (QS,I) was used to assess the adequacy of 
total blockade [7, 8, 25-27). 

Precordial mapping was performed using 35 
precordial leads, as described by Maroko and 
co-workers [28], the day before and two weeks 
after operation. The number of pathological Q 
waves was measured to establish whether 
perioperative infarction had occurred. In addi- 
tion, serial cardiac enzymes were determined 
and electrocardiograms were obtained in all pa- 
tients after the procedure. 

The coronary bypass was done using stan- 
dard techniques [8, 11]. The operative proce- 
dure was performed with the aid of ca-diopul- 
monary bypass, hemodilution perfusion, and 
moderate total-body hypothermia (28° to 32°C). 
Aortic cross-clamping and cold cardioplegia in- 
duced with topical lactate slush were used to 
protect the myocardium for all posterior left 
ventricular grafts and for small or difficult anas- 
tomoses elsewhere when extended times of 
ischemia were anticipated. The average time for 
distal coronary anastomosis was twelve min- 
utes. Each graft was immediately anastomosed 
to the ascending aorta, and blood flow was es- 
tablished before proceeding to the next graft 
when multiple grafts were required. Four pa- 
tients had a single graft and 26 had multiple 
grafts. . | 

Statistical evaluation was performed using 
the Student ¢ test and chi-square analysis. 


Results 

Fourteen of the patients had preoperative 
hypokinetic or akinetic areas as defined by left 
ventricular cineangiography [24], and 18 had a 
decreased ejection fraction, the lowest being 
28%. Eleven of the patients had 7096 obstruc- 
tion or more in 2 of the major coronary arteries, 
and the other 19 had obstruction in 3 or more 
of the major coronary arteries. Four of the pa- 
tients had 1 bypass, 7 had 2, and 19 had 3 or 
more. In 8 patients, endarterectomy was also 
performed. 

The mean propranolol blood level 24 hours 
before operation was 36 + 5 ng permilliliter, and 
1 hour before, it was 43.3 + 8 ng per milliliter. 
Thus propranolol levels were constant and con- 
sistent with good beta blockade during the 24- 
hour period before coronary bypass [5, 6]. The 
mean QS,I of 540 + 3.8 msec (normal, 546 + 14 
msec) also reflected good beta blockade [7, 8, 
25-27]. 

The 24-hour urinary excretion levels of epi- 
nephrine and norepinephrine are shown in 
Figure 1. Patients had notably higher levels 
than normal subjects the day before coronary 
bypass operation [8]. 

Propranolol caused no complications, such as 
major bradycardia, hypotension, or heart fail- 
ure, either before or after bypass. Generally, the 
anesthetic induction and operative procedure 
were much smoother in the patients main- 
tained on propranolol. Also there were notice- 
able reductions in pressure variation, cardiac 
performance, cardiac arrhythmia, and electro- 
cardiographic aberration in these patients. Four 
patients had perioperative MI. In 2 of these 4, 
there was classic electrocardiographic evidence 
of a new transmural infarction with new Q 
waves greater than 40 msec. In another patient 
new Q waves were noted only by precordial 
mapping, and in the fourth, persistent ST and T 
abnormalities not explicable by metabolic ab- 
normalities, pericarditis, or drugs were the only 
signs suggestive of ischemic injury. In addi- 
tion, this last patient had persistent elevation of 
serum glutamic-oxaloacetic transaminase of 
more than 100 units on the third postoperative 
day [4, 8, 20]. The number of coronary arteries 
involved, the number of coronary bypasses per- 
formed, and the left ventricular function were 
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Fig 1. The 24-hour urinary excretion levels of epineph- 
rine (E), norepinephrine (NE), and tke two combined 
the day before coronary bypass operation (CBS) were 
significanily higher compared with normal. 
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Fig 2. The PEPILVET before and two weeks after coro- 
nary bypass operation in two groups of patients. Pa- 
tients with perioperative MI were excluded. In the 
propranolol group (present study) the drug was main- 
tained throughout the perioperative period. In the con- 
trol group (a previous study) propranclol was discon- 
tinued at least 24 hours before operation without 
reinstitution afterward. In both groups a mild deteriora- 
tion in PEPILVET was found two weeks after the proce- 
dure. The deterioration observed was the same in the 
control group and in the propranolol group. 


not different in the patients who had MI com- 
pared with the others. 

Left ventricular function as measured from 
systolic time intervals before and two weeks 
after operation is shown in Figure 2. There was 
a small increase in the PEP/LVET two weeks 
after the procedure. Patients with perioperative 
MI were excluded from this analysis. 

Only 1 of the 21 patients in whom pro- 
pranolol was restarted within 24 hours after op- 


E--NE 





eration had supraventricular tachycardia (atrial 
flutter) during the first three postoperative 
days. 


Comment 

The beneficial effect of propranolol in the 
treatment of angina pectoris is well established 
[13, 14, 21]. The major mechanism is reduction 
in myocardial oxygen consumption, achieved 
by the negative chronotropic and inotropic ef- 
fects of the drug [9, 32]. To avoid the negative 
inotropic effect during operation, several inves- 
tigators suggested withdrawal of propranolol 24 
hours or longer before coronary bypass opera- 
tion [27, 33, 34]. On the other hand, there have 
been several reports of the precipitous de- 
velopment of unstable angina or MI after abrupt 
propranolol withdrawal in patients with coro- 
nary arte-y disease [2, 18]. 

Previously we demonstrated that the nega- 
tive inotropic effect of propranolol is of short 
duration ‘identical to plasma half-life of 3 to 5 
hours) compared with the chronotropic effect 
[7, 18, 20]. Furthermore, a hypersensitivity to 
adrenergi- stimulation occurs 24 to 48 hours 
after propranolol withdrawal [7]. The hyper- 
sensitivitv could be related to characteristics of 
beta-adrenergic receptors. It has been shown 
that the rumber of active beta-adrenergic re- 
ceptors is decreased (tachyphylaxis) if iso- 
proterenc is given continuously in experimental 
animals fcr a period of 24 hours. However, the 
number o: active beta-adrenergic receptors re- 
mains unchanged when isoproterenol is ad- 
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ministered for a short period of time [23]. It is 
possible that chronic treatment with propran- 
olol increases the number of active beta- 
adrenergic receptors. This leads to a hypersen- 
sitivity to isoproterenol after the withdrawal of 
blockade [7]. 

In the present study excessive adrenergic 
tone, as noted by urinary catecholamines, was 
present the day before operation, probably be- 
cause of preoperative anxiety. The combined 
excretion of epinephrine and norepinephrine 
the day before coronary bypass was even 
higher than that noted in patients with acute MI 
during the first three days of hospitalization 
(136 + 12 ug per day versus 110 + 6 ug per day, 
p < 0.05) [25]. Catecholamine excretion in pa- 
tients with stable coronary artery disease is 
higher compared with normal subjects, regard- 
less of therapy with propranolol [26]. Thus the 
mean value for the 24-hour combined urinary 
excretion of epinephrine and norepinephrine in 
9 patients with stable angina pectoris who were 
on therapy with propranolol and exhibited no 
obvious stress was 73 + 5 ug. This value, again, 
was notably lower than that of the day before 
coronary bypass. Because of the increased ad- 
renergic tone, it is likely that many patients 
may actually need more than the usual dose of 
propranolol at that particular time. Since the 
duration of the negative inotropic efiect of 
propranolol is short [5, 6], the drug need not 
necessarily be stopped more than 12 hours be- 
fore the absence of this effect is desired. Fur- 
thermore, as a result of both the high preopera- 
tive adrenergic tone and the hypersensitivity to 
adrenergic stimulation 24 to 48 hours after 
propranolol withdrawal [7], we concluded that 
discontinuation of propranolol 24 to 48 hours 
before operation is undesirable. 

In the present study, we have shown that 
continuation of propranolol up to 4 hours be- 
fore operation and reinstitution within 24 hours 
after operation is safe. There were no complica- 
tions related to propranolol. The postoperative 
deterioration in left ventricular function, as 
measured from systolic time intervals, was mild 
two weeks after operation and was identical to 
that noted in another group of patients in 
whom propranolol was discontinued routinely 


24 hours before operation, without reinstitu- 
tion afterward [8] (see Fig 2). The mean pre- 
operative value for the PEP/LVET in the pa- 
tients studied was within normal range. In both 
studies measurements were performed with the 
patients in the supine position and without any 
stress. We excluded patients with perioperative 
MI from this analysis since the earlier study 
showed that perioperative MI notably alters left 
ventricular function [8, 26]. 

Perioperative MI occurred in 4 of the 30 pa- 
tients studied (13%): 3 were transmural and 1 
was subendocardial. Two of the patients with 
MI had the highest 24-hour urinary catechol- 
amine excretion (167 and 184 wg per 24 hours) 
the day before operation. The propranolol 
blood levels in those 2 patients were 55 and 52 
ng per milliliter, respectively, but the Q5,I was 
shortened in each patient, 490 and 505 msec, 
respectively [7, 8, 25-27]. Thus it appears that 
these levels were not sufficient for adrenergic 
blockade in these 2 patients. 

In an earlier study from our institution [8], it 
was found that when propranolol was discon- 
tinued routinely 24 hours before operation, the 
incidence of perioperative MI was reported at 
28% (11 patients out of 40; 4 transmural MIs and 
7 subendocardial). This rate is similar to that 
reported from other institutions [10, 20]. 

It is of interest that the incidence of suben- 
docardial MI only was lower with propranolol 
(1 patient out of 30 [3%] versus 7 patients out of 
40 [17% ]) compared with our previous study. 
The incidence of transmural MI was the same (3 
patients out of 30 versus 4 patients out of 40). 
Experimental animal studies suggest that ad- 
renergic overactivity may produce subendocar- 
dial injury by means of microcirculatory ag- 
gregation of platelets [15-17] and increased 
myocardial oxygen consumption [9, 32]. Propran- 
olol may inhibit both these effects [6, 12, 32]. 

This study was started as a prospective study, 
with a control group in whom propranolol was 
discontinued 24 hours before operation. After 
the first 20 patients (10 from each group), it 
became apparent that the administration of 
propranolol up to 4 hours before operation was 
safe and that adrenergic tone of the patient the 
day before operation was markedly increased. 
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In addition, 4 patients from the control group 
had a perioperative MI compared with only 1 
from the propranolol group. Our protocol was 
abandoned, and the study continued with the 
propranolol group only. 

The incidence of supraventricular tachy- 
cardia during the first 3 postoperative days in 
the 21 patients in whom propranolol was re- 
started within 24 hours after operation was 
significantly lower compared with the 10 con- 
trol patients in whom propranolol was discon- 
tinued 24 hours before operation, without 
reinstitution afterward (1 patient out of 21 ver- 
sus 3 patients out of 10, p < 0.01). A similar 
incidence of supraventricular tachycardia as 
seen in our control patients has been reported 
from other institutions |19, 35]. Thus continu- 
ation of propranolol most likely reduces the in- 
cidence of this complication. Likewise, the 
heart rate during the same period was slower in 
the propranolol group compared with the con- 
trol (89 + 3 msec versus 103 + 2 msec, p < 0.01). 
These findings may have clinical importance 
since excessive heart rate has been shown to be 
deleterious in patients with myocardial isch- 
emia. 

We concluded that administration of pro- 
pranolol up to 4 hours before coronary bypass 
operation and reinstitution immediately after- 
ward is safe and may be beneficial. In view of 
the excessive adrenergic tone during the 
perioperative period, the short duration of the 
negative inotropic effect of propranolol, and the 
hypersensitivity to adrenergic stimulation fol- 
lowing abrupt withdrawal of propranolol, it 
appears that propranolol should be continued 
during the time immediately surrounding 
coronary bypass operation. Whether the same 
concept is applicable to patients with coronary 
artery disease who are receiving propranolol 
and who are to undergo other types of opera- 
tion is not known, but it clearly requires further 
exploration. 
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Discussion 

DR. ROBERT W. M. FRATER (New York, NY): It is a 
delight to see facts about propranolol begin to replace 
myths. I agree wholeheartedly with the authors in 
their opinions. We also have studied this subject and 
discontinued propranolol 10 hours before operation. 
The plasma levels in our patients were lower than the 
levels in the patients in the present series. In fact, 
they were so low we thought there was no longer a 
beta-blocking effect by the time of operation. 

What interested us were the very major changes in 
systolic blood pressure, heart rate, and, very impor- 
tantly, rate pressure product, which is a direct de- 
terminant of myocardial oxygen consumption, dur- 
ing the control period, intubation and intensive care. 

These levels show statistically significant increases 
of quite considerable degree when the patient was 
intubated and later when the patient was awake in 
the intensive care unit. For instance, the rate pres- 
sure product before intubation was 7,413; after intu- 
bation, 13,262, and later in the intensive care unit, 
13,997. It is quite clear that by stopping propranolol 
too early, we are subjecting patients to a very real 
handicap—increased consumption of myocardial 
oxygen—both before bypass and in the intensive 
care unit. This must be particularly dangerous dur- 
ing the intubation period before the coronary bypass 
grafts are done. 


DR. vasko: Dr. Boudoulas is a cardiologist but, 
as a surgeon, I cannot overemphasize how much 
easier this methodology has made coronary bypass 
procedures for me, the resident staff, and, in fact, the 
entire hospital. We no longer see patients who have 
myocardial infarction the night before operation or 
during a shower early in the morning before opera- 
tion. We don’t see arrhythmia problems; we have no 
problems with myocardial function immediately be- 
fore, during, or after the procedure itself; and we 
have no emergency calls to the operating room fora 
patient who has fibrillated, for example. 

It has been our impression from talking with dif- 
ferent surgeons that they have been reluctant to ac- 
cept the concept presented here. Therefore, I was 
particularly grateful to Dr. Frater for supporting our 
observations. At our institution, patients with high 
adrenergic activity have undergone coronary artery 
operations as well as many other surgical procedures, 
such as those involving valves, aortic stenosis, and 
congenital defects, with far greater safety since the 
institution of this program. 


Graft Patency in Coronary Bypass Surgery 


M. B. Walters, F.R.C.P.(C), and C. Aneke, F.R.C.P.(C) 


ABSTRACT A total of 514 vein bypass grafts and 49 
internal mammary (IMA) grafts in 328 patients were 
studied after operation. Forty-two vein bypass grafts 
were perforned without the use of a pump 
oxygenator, with a patency rate of 52%. When a 
pump oxygenator was used, the patency rate for vein 
bypass grafts was 78%. Patency rates for IMA grafts 
were 70% and 86%, respectively. In a small group of 
patients, endarterectomy with vein bypass grafts re- 
sulted in a patency rate of 5996 in the right coronary 
artery, 8396 in the left anterior descending coronary 
artery, and 74% in the circumflex artery. Except for 
the right coronary artery, these results compare 
favorably with those from vein bypass graft patency 
without endarterectomy. 

On the basis of these findings, insertion of bypass 
grafts into the coronary arteries without the use of a 
pump oxygenator cannot be recommended, unless 
the technique employed can be shown to produce 
graft patency rates comparable to those resulting 
from grafts done with the use of a pump oxygenator. 
Endarterectomy to the left anterior descending and 
circumflex arteries would not appear to affect vein 
bypass graft patency. 


Following the introduction of coronary bypass 
operation, much attention has centered on fac- 
tors that might affect graft patency. The pur- 
pose of this study was to investigate graft pa- 
tency in relation to the insertion of coronary 
bypass grafts without the use of a pump 
oxygenator. In addition, the effect of endar- 
terectomy was evaluated. 


Material 

All patients who had coronary artery bypass 
grafts at the Vancouver General Hospital during 
the period January 1, 1971, to July 30, 1976, and 
who had postoperative angiograms were re- 
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viewed Most of the patients were evaluated 
routine y after operation, but some patients, 
particularly those operated on in the earlier 
years, were studied primarily because of poor 
progress or postoperative recurrence of pain. 
The operations were performed by four sur- 
geons, one of whom elected to do many without 
the use of a pump oxygenator. 

A. total of 563 grafts in 328 patients was re- 
viewed. Forty-nine were internal mammary ar- 
tery (IV. A) grafts, and the remainder were vein 
bypass grafts. Early studies (i.e., less than 3 
months after operation) were made of 122 pa- 
tients, znd studies of longer than a year follow- 
ing operation were made of 39 patients. 

For the purposes of this report, the obtuse 
marginzl branch of the circumflex artery was 
considered part of the circumflex artery (CA), 
and the medial diagonal was considered part of 
the anterior descending artery. 


Results 


Patency Rate with and without 

a Pump Dxygenator 

With a >ump oxygenator, 359 out of 472 vein 
grafts (75%) were patent (130 studied within 3 
months), and 25 out of 29 IMA grafts (86%) 
were patent (17 studied within 3 months). 
Without a pump oxygenator, 22 out of 42 vein 
grafts (52%) (13 studied within 3 months) were 
patent and 14 of 20 IMA grafts (70%) (9 stud- 
ied within 3 months). 


Effect of Endarterectomy 

All patients who had an endarterectomy were 
on a pump oxygenator. The vein graft patency 
rate for the right coronary artery (RCA) was 
59% (22 out of 37 grafts) with endarterectomy 
compared with 72% (91 out of 127 grafts) with- 
out endzrterectomy. Similar figures for the left 
anterior descending coronary artery (LAD) 
were 88% (23 out of 26 grafts) and 79% (164 out 
of 207), zespectively, and for the CA, 74% (14 
out of 19) and 8096 (45 out of 56), respectively. 


n3 
n3 
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Fig 1. (A) Preoperative angiogram showing an obstruc- 
tive lesion (arrow) on the LAD at the origin of the 
diagonal branch. (B) Postoperative angiogram, showing 
a patent vein bypass graft after endarterectomy, with 
filling of both the LAD and its diagonal branch. 


Comment 

To avoid morbidity related to the use of ex- 
tracorporeal circulation, consideration has been 
given to the insertion of coronary bypass grafts 
without the use of a pump oxygenator [6]. 
This technique permits grafting only to the 
LAD and RCA, and it is performed on the beat- 
ing, functioning heart. Postoperative angio- 
grams from a small number of patients who 
underwent this procedure revealed a patency 
rate of only 52% for the vein graft and of 70% 
when the IMA was used. This is a significantly 
lower patency rate compared with results ob- 
tained on grafts done with the use of a pump 
oxygenator [2, 3, 5, 7]. 

Using a somewhat different operative tech- 
nique than was employed in our patients, An- 
keney [1] was able to achieve a much more 
satisfactory patency rate for coronary bypass 
grafts inserted in the beating heart without a 
pump. Since operative technique plays an im- 
portant role in improving graft patency [3], it 
is possible that improvement in technique, as 
suggested by Ankeney, may lead to a more ac- 
ceptable rate of graft patency when the pump 
oxygenator is not used. 
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Endarterectomy may be desirable in several 
circumstances. (1) When an atherosclerotic 
plaque is situated at the origin of a diagonal 
branch of moderate size, an endarterectomy 
with a graft inserted at the arteriotomy site may 
produce perfusion of both branches, obviating 
the necessity to insert two separate bypass 
grafts. An example is shown in Figure 1 in 
which a suitable endarterectomy obviated plac- 
ing a separate graft into the LAD and its 
diagonal branch. (2) Unexpectedly the surgeon 
may find major arteriosclerosis in a vessel that 
appeared on the angiogram to be suitable for a 
bypass graft. In Figure 2A the preoperative an- 
giogram seemed to reveal a severe lesion on the 
CA, which was otherwise suitable for a bypass. 
At operation severe arteriosclerosis was found, 
but endarterectomy resulted in a patent vein 
bypass with satisfactory distal perfusion, as in- 
dicated in a postoperative angiogram made 51⁄2 
months later (Fig 2B). (3) An artery that is con- 
sidered unsuitable because of angiographic 
findings may be rendered satisfactory for a graft 
as a result of endarterectomy. This is usually 
reserved for the RCA. 

Groves and associates [4] reported satisfac- 


tory results with endarterectomy and graft to 


the RCA. Our experience is limited in that the 
total number is relatively small, but the indica- 
tions are that this technique is equally satisfac- 
tory for the LAD and CA. In our series, the 
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Fig 2. (A) Preoperative angiogram, showing an 
atherosclerotic lesion (arrow) on the CA. (B) Postopera- 
Hve angiogram, showing a patent vein bypass graft 
after a necessary endarterectomy. 


lower rate of graft patency for the RCA with 
endarterectomy may reflect the fact that early in 
our operative experience, this was the only ar- 
tery on which endarterectomy was attempted. 
Also, a surgeon will often attempt endarterec- 
tomy and bypass graft on a severely diseased 
RCA, if at all possible, when a bypass is being 
performed on one or more branches of the LAD. 
Since operations rarely are done for single RCA 
lesions, the reverse usually does not occur, i.e., 
the operation is not recommended unless the 
LAD or CA appears to be suitable for bypass. 
As a result, endarterectomies on the LAD or 
CA are generally performed on arteries with a 
better chance of success. 

In our small series of patients, insertion of 
coronary artery bypass grafts without the use of 
a pump oxygenator resulted in a lower patency 
rate. Endarterectomy with graft insertion into 





the LAD and CA did not result in a reduced graft 
patencv rate. 
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Adequate Anticoagulation During 

Cardiopulmonary Bypass Determined by Activated 
Clotting Time and the Appearance of Fibrin Monomer 
John A. Young, M.D., C. Thomas Kisker, M.D., and Donald B. Doty, M.D. 


ABSTRACT The adequacy of anticoagulation dur- 
ing 2 hours of cardiopulmonary bypass at 30°C in 9 
rhesus monkeys was determined by measuring the 
whole-blood activated clotting time (ACT) and by 
noting the appearance of thrombin-altered fibrin 
(fibrin monomer) and the relative consumption of 
clotting factors. Factors V and VIII, the heparin 
cofactor, antithrombin III, prothrombin time, partial 
thromboplastin time, ACT, platelets, hematocrit, 
fibrinogen, and fibrin monomer were determined 
prior to heparinization and after protamine. 

In 6 of 9 experiments, fibrin monomer became 
positive in the plasma during cardiopulmonary 
bypass (CPB), indicating that active coagulation was 
occurring. In 5 of the 6 animals, initial ACT was less 
than 400 seconds, and fibrin monomer appeared 
within the first 30 minutes of bypass. In 1 animal 
with an initial ACT of 439 seconds, fibrin monomer 
appeared after 60 minutes of bypass, at which time 
the ACT was less than 400 seconds. 

An abnormal level of fibrin monomer was not de- 
tected in 5 pediatric patients with an ACT greater 
than 450 seconds during CPB. Our experimental 
study and clinical data suggest that the lower limit, 
as measured by the ACT, for anticoagulant effect to 
provide coagulation-free CPB is at least 400 seconds. 


Measurement of whole-blood activated clotting 
time (ACT) as described by Hattersley [17] is a 


From the Division of Thoracic and Cardiovascular Surgery, 
Department of Surgery, the Special Hematology Labora- 
tory, and the Department of Pediatrics, University of lowa 
Hospitals and Clinics, lowa City, IA. 


Supported in part by a grant from the Upjohn Company, 
Kalamazoo, MI. 


We wish to acknowledge the dedicated technical assistance 
of Barbara Taylor (hematological studies), Daniel Wiltfang 
(extracorporeal circulation), James Burr (blood collection 
and surgical assistance), and Wayne Brown and his staff 
(surgical laboratory and animal procurement and care). The 
help of these people made the experiments possible. 


Presented at the Fourteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 23-25, 1978, Orlando, FL. 

Address reprint requests to Dr. Doty, Division of Thoracic 
and Cardiovascular Surgery, Department of Surgery, Uni- 
versity of lowa Hospitals and Clinics, lowa City, IA — 52242. 


231  0003-4975/78/0026-0310$01.25 © 1978 by John A. Young 


nearly ideal technique for monitoring heparin 
effect on coagulation during extracorporeal cir- 
culation. The test is uncomplicated and precise 
(coefficient of variation, 4.5 to 7.0%) and can be 
performed rapidly and conveniently with 
commercially available stable reagents on site 
in the operating room. Babka and associates [1] 
found that when ACT was used to monitor 
heparin dosage, the amount of heparin ad- 
ministered to patients during cardiopulmonary 
bypass (CPB) and the amount of postoperative 
bleeding were markedly reduced. In a similar, 
more recent study, Verska [29] observed a 48% 
reduction in postoperative blood loss when 
ACT was used to monitor heparin therapy dur- 
ing CPB. Mattox and associates [22] confirmed 
the usefulness of ACT as a means of monitoring 
heparin reversal after cardiac operations, and 
Hill and associates [19] have found ACT to be of 
great value in monitoring heparin effect and 
preventing bleeding during prolonged extra- 
corporeal circulation. 

The use of ACT measurement in constructing 
heparin dose/response curves was proposed 
by Bull and associates [5, 6] to individualize 
heparin therapy and its neutralization with pro- 
tamine. They recommended a therapeutic range 
for ACT of 300 to 600 seconds during CPB. The 
lower limit was based on the clinical observa- 
tion that blood clots do not occur in the ex- 
tracorporeal circuit if the ACT is greater than 
300 seconds. The actual lower limit of the 
therapeutic effect in terms of ACT response to 
prevent formation of microscopic clotting and 
consequent consumption of clotting factors dur- 
ing CPB is not definitely known. 

These experiments were designed to deter- 
mine the minimum anticoagulation effect, as 
measured by ACT, necessary for coagulation- 
free CPB. 

The criteria for adequate anticoagulation in- 
cluded prevention of the consumption of clot- 
ting factors, of the formation of microscopic de- 
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posits of fibrin in the extracorporeal circuit, and 
of the appearance of thrombin-altered fibrino- 
gen (fibrin monomer) in the plasma. This latter 
substance is known to be a sensitive indicator 
of activation of the coagulation process [21]. 
The experiments were performed in rhesus 
monkeys, whose coagulation mechanism closely 
resembles that of humans. Once minimum ACT 
criteria were established, similar observations 
were made in pediatric patients undergoing a 
variety of open-heart procedures. 


Materials and Methods 

Nine rhesus monkeys ranging in weight from 
4.5 to 7 kg were anesthetized with ketamine, 
ventilated, and placed on CPB for 2 hours at 
30°C. A pediatric bubble oxygenator* primed 
with 500 ml of uncrossmatched whole citrate- 
phosphate-dextrose rhesus monkey blood less 
than 72 hours old, 1,000 units of heparin, and 
250 ml of 5% dextrose in 0.45 N sodium chlo- 
ride was used in the extracorporeal circuit. Ad- 
ditional Ringer's lactate solution was added to 
maintain an adequate reservoir volume. The 
flow was maintained by a roller pumpt at 2.2 
liters per minute per square meter of body sur- 
face area during CPB by means of the formula 
for rhesus monkeys [27]: 


Body surface area in square meters 
= 11,7%“ x weight in grams 


A single venous cannula was used in the right 
atrium, and oxygenated blood was returned to 
the ascending aorta. 

ACT, fibrin monomer, prothrombin time, 
partial thromboplastin time, factors V and VIII, 
fibrinogen, heparin cofactor, antithrombin III 
(AT-IID, platelet count, and hematocrit were 
measured in each monkey at the start of the 
experiment and after reversal of heparin effect 
with protamine sulfate. The ACT, fibrin 
monomer, fibrinogen, platelet count, and 
hematocrit were also determined at 10, 30, 60, 
90, and 120 minutes of CPB. 

Whole-blood ACT was determined by a 
semiautomated technique with special pre- 
warmed glass tubes containing diatomaceous 
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earth and a small magnet maintained at 37°C 
and rotated in a Hemochron.* When the blood 
clotted, the magnet was pulled along with the 
rotating clot so that a proximity switch was 
trippec and a timer stopped. The method is 
comparable to the ACT measurement method 
originally described by Hattersley [17] and has 
been shown to be directly proportional to the 
whole-blood clotting time used for determin- 
ing heparin effect at all doses [24]. Fibrin 
monomer was measured by the technique of 
Kisker and associates [21]. This method is 
based on the ability of fibrin monomer to 
adhere to an immune precipitate of fibrinogen 
that can be separated by centrifugation and to 
be eluted with urea and measured by means of 
standard techniques for quantitating fibrinogen 
antigen. Normal values for human and rhesus 
monkev plasma have been established in our 
laboratory and found to be less than 8 ug per 
milliliter. 

A dose/response curve for bovine lung hepa- 
rint was determined for each animal prior to 
bypass by plotting the ACT (in seconds) against 
the total heparin dose (in units per kilogram). 
Total initial heparin dose was varied in each 
experiment to achieve an anticoagulant spec- 
trum such that the initial ACT on CPB ranged 
from 200 to more than 700 seconds. Additional 
heparin was not given. After termination of the 
120-minute bypass, the circulating level of 
heparin (in units per kilogram) was determined 
from the dose/response curve by measurement 
of the ACT. Total heparin was calculated from 
body weight, and 1.3 mg of protamine sulfate 
per 100 units of heparin was given to reverse 
the anticoagulant. 

Samples of the reservoir filter of the oxy- 
genator were taken at the end of each exper- 
iment and examined by scanning electron mi- 
croscopy to determine surface characteristics of 
the extracorporeal circuit. 

These same observations at the same inter- 
vals were made in 5 pediatric patients having 
intracarciac correction of congenital heart de- 
fects. Extracorporeal circulation ranged from 40 
to 73 minutes. Initial ACT was above 450 sec- 





*International Technidyne Corporation, Edison, NJ. 
tUpjohn Company, Kalamazoo, MI. 
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onds in all cases and was not allowed to drop 
below 400 seconds at any time during CPB. 


Results 

The initial ACT on CPB ranged from 200 to 
more than 700 seconds owing to variation in 
heparin dose and sensitivity of each animal. In 
6 of 9 experiments, plasma levels of fibrin 
monomer increased above the normal level of 8 
wg per milliliter during bypass, indicating ac- 
tive coagulation. Values for fibrin monomer in 
these 6 experiments ranged from 48 to 160 ug 
per milliliter. Fibrin monomer was not in- 
creased in plasma in 3 experiments, which are 
designated the fibrin monomer negative group. 
There was no statistically significant difference 
in the ACT, prothrombin time, partial throm- 
boplastin time, factors V and VIII, fibrinogen, 
AT-M, hematocrit, or platelet count prior to 


CPB between the fibrin monomer positive and 
the fibrin monomer negative groups (Table 1). 
However, after bypass and reversal of heparin 
effect with protamine sulfate, the fibrinogen, 
AT-IH, and platelet counts were significantly 
lower in the fibrin monomer positive group 
(Table 2). There was not a statistically significant 
difference in the ACT, prothrombin time, par- 
tial thromboplastin time, factors V and VIII, or 
hematocrit in the two groups after bypass. 

In 5 of the 6 fibrin monomer positive animals, 
the initial ACT was less than 400 seconds 
(range, 201 to 326 seconds), and fibrin monomer 
was detected in the plasma within the first 30 
minutes of CPB. In 1 fibrin monomer positive 
animal, the initial ACT was 428 seconds at 10 
minutes, 439 seconds at 30 minutes, and 348 
seconds at 60 minutes, at which time fibrin 
monomer became elevated and remained high 


Table 1. Coagulation Measurements before Cardiopulmonary Bypass in 9 Rhesus Monkeys 





Fibrin Monomer Fibrin Monomer 
Clotting Factors Positive? (N = 6) Negative? (N = 3) 
Activated whole-blood clotting time (sec) 84 + 21 1090 rt 17 
Prothrombin time (sec) 12.13t- 0.9 12; & il 
Partial thromboplastin time (sec) 31 + 4 30 + 3 
Factor V (%) 65 + 18 76 + 1 
Factor VIH (99) 210 + 60 241 + 114 
Fibrinogen (mg/100 ml) 153 c 3l 196- +- 73 
Antithrombin- (%) 63 + 14 T2 cb 7H 
Platelet count (x10?/mm?) 421 + 106 JOD. + 50 


SAREETAN AAA AABAA AAAA AAAA AAAA OOA EETA AAEE AAEE AAAA AARAA AARAA AANA: 
*Classification as fibrin monomer positive or negative depended on the detection of this substance during cardiopulmo- 


nary bypass. 


The differences between the fibrin monomer positive and negative groups were found in all cases to be not significant. 


Table 2. Coagulation Measurements after 120 Minutes of Cardiopulmonary Bypass 
in 9 Rhesus Monkeys Related to Presence or Absence of Fibrin Monomer during Bypass 





Fibrin Monomer Fibrin Monomer 

Clotting Factors Positive (N = 6) Negative (N = 3) Significance 
Activated whole-blood clotting time (sec) 127 + 24 116 + 18 NS 
Prothrombin time (sec) 18.8 + 5 16.8 + 2 NS 

Partial thromboplastin time (sec) 61° +23 63 + 49 NS 

Factor V (%) 25: Æ I6 34 + 8 NS 

Factor VII (%) 79. R57 102 183 NS 
Fibrinogen (mg/100 ml) 75 t 46 153 +40 p « 0.025 
Antithrombin-lll (%) 27.8 = 15 6l +22 p < 0.025 
Platelet count (x10*/mm?) 66 + 47 2/5. ED p « 0.0025 


aaa AA LAAN OLN AL a Sii Aian AAAA UTE e ST a i HEART AUI rA 


NS = not significant. 
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Fig 1. Whole-blood activated clotting time (ACT) and 
fibrin monomer levels at time intervals before, during, 
and after 120 minutes of cardiopulmonary bypass in 1 
experiment. When ACT dropped below 400 seconds at 
60 minutes of CPB, fibrin monomer was detected in 
plasma (bar graph), indicating that excessive coagula- 
Hon was OCCUTTING. 
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Fig 2. Platelet count in each experiment during 120 


minutes of cardiopulmonary bypass, plotted according 
to initial whole-blood activated clotting time (ACT) on 
bypass. Platelet counts decreased to lower levels at an 
ACT of less than 400 seconds than when ACT was 
greater than 700 seconds. The experiment with an initial 
ACT equal to 428 seconds shows a course similar to that 
with ACT greater than 700 seconds, 


for the duration of bypass (Fig 1). In the 3 ani- 
mals with an ACT consistently above 700 sec- 
onds, fibrin monomer was not detected during 
or after CPB. 

The absolute platelet counts and fibrinogen 
levels for each experiment are plotted in Figures 
2 and 3, respectively, with graph lines coded 
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Fig 3. Fibrinogen levels in each experiment during 120 


minutes cf cardiopulmonary bypass as a function of ini- 
Hal whoie-blood activated clotting time (ACT) on 
bypass. variability of prebypass levels causes overlap of 
values, but the trend shows a continued decrease of fi- 
brinogen when ACT was less than 400 seconds in 4 of 5 
experiments, compared with a gradual increase in fibrino- 
gen during CPB in all experiments with ACT greater 
than 400 seconds. 


according to initial ACT on bypass. There was 
some overlap of values due to variability of 
prebypass levels. The trend of platelet counts 
and fibrinogen, however, was similar, with de- 
creases to lower levels and continued reduction 
when ACT was less than 400 seconds; when 
ACT was greater than 700 seconds, the initial 
diminution was less and the trend during 
bypass was for an increase toward normal. The 
experiment conducted with an initial ACT of 
428 seconds had a course similar to those with 
initial ACT greater than 700 seconds, suggest- 
ing that the break-off point for anticoagulant 
effect (i.e., the point at which platelets and 
fibrinogen may be adversely affected) under 
these conditions of CPB is probably about 400 
seconds. 

In orcer to eliminate overlap of values, 
fibrinogen and platelet counts were expressed 
as percentage of prebypass level, as shown in 
Figure 4. With the onset of bypass there was an 
initial drop in the mean values of percent 
change fcr fibrinogen and platelet count in both 
the fibrin monomer positive and the fibrin 
monomer negative group. This decrease of 
fibrinogen and platelets was more marked in 
the fibrin monomer positive group and showed 
a trend of continued reduction during bypass, 


235 Young, Kisker, and Doty: Anticoagulation during Cardiopulmonary Bypass 


FIBRIN MONOMER POSITIVE 


Fibrinogen 


100 e 


A Platelets 
Fibrin monomer 


% Initial Concentration 


Pre 10 30 60 90 120 Post 


Minutes 


Fig 4. Fibrinogen and platelet counts, expressed as per- 
centage of prebypass (control) concentration, are plot- 
ted against time on cardiopulmonary bypass (in min- 
utes) for experiments in which fibrin monomer was posi- 
tive (bars on top graphs) or negative (insignificant 
bars on bottom graphs). The mean percentage reduction 
in both fibrinogen and platelets was much greater in the 
fibrin monomer positive group and continued through- 
out CPB, suggesting continued consumption of these 
factors. The changes in the fibrin monomer negative 
group were much smaller and improved during CPB. 





ug/ml Fibrin Monomer 


Fig 5. Scanning electron micrographs of oxygenator fil- 
ter mesh. Panel on left is from a fibrin monomer positive 
experiment (ACT < 400 seconds), showing abundant 
fibrin, platelet debris, and cells. Panel on right is from a 
fibrin monomer negative experiment (ACT > 700 sec- 
onds), showing only a few platelets on the surface. 
(Original magnification X1,000.) 
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Table 3. Coagulation Measurements 
in 5 Pediatric Patients? 


Before After 
Clotting Factors CPB CPB 
Fibrinogen 223 x39 152 = 209 
(mg/100 ml) 
Antithrombin-Ill (96) 75 t 10 49 + 11 
Platelet count 379 + 179 148 + 58 


( x 10*/mm?) 


*“Whole-blood activated clotting time was 450 to more than 
600 seconds after 40 to 73 minutes of CPB. 


CPB = cardiopulmonary bypass. 





Fig 6. Scanning electron micrograph from oxygenator 
filter of a clinical case in which whole-blood activated 
clotting time was maintained above 450 seconds. Little 
debris is present and fibrin monomer remained negative, 
suggesting that this bypass was free of appreciable co- 
agulation. (Original magnification X100.) 


suggesting continued consumption of these fac- 
tors. In contrast, in the fibrin monomer negative 
group, after the initial drop, the fibrinogen and 
platelet count gradually returned toward nor- 
mal levels even during bypass. 

Scanning electron micrographs of the 
oxygenator’s reservoir filter taken at the end of 
each experiment showed that abundant fibrin, 


September 1°78 


platelet debris, and trapped red blood cells had 
accumulated in all the fibrin monomer positive 
animals with an initial ACT less than 400 sec- 
onds, whereas there was virtually no such ac- 
cumulation in the fibrin monomer negative 
animals (Fig 5). 

The results of fibrinogen, AT-III, and platelet 
counts measured before and after bypass in 5 
pediatric patients are shown in Table 3. There is 
clearly a decrease in each of these values after 
bypass, but not to levels associated with ab- 
normal clotting function. The ACT following 
heparin neutralization approached prebypass 
control levels, there was no excess bleeding, 
and at no time during bypass was fibrin 
monomer elevated above normal. Electron mi- 
crographs of the oxygenator filters showed little 
accumu.ation of debris (Fig 6). 


Comment 

Safe CPB is dependent on adequate anticoagu- 
lation. Many deleterious effects on the coagula- 
tion system have been described in association 
with CPB, including prime dilution, adherence 
of clotting factors in the extracorporeal circuit 
[13], trauma to cellular blood products [18, 
28], consumption coagulopathy with and 
without disseminated intravascular coagulation 
[4, 16], accelerated fibrinolytic activity [4], 
and heparin- or protamine-induced coagulop- 
athies |2, 10]. The cause and effect rela- 
tionship of these changes, as well as their 
significance in relation to the heparin dose, has 
been obscure, since methods for determining 
heparin effect directly have infrequently in- 
cluded the whole-blood clotting time. As a re- 
sult, the heparin response has been relatively 
uncontrolled in most studies, and clinical selec- 
tion of the total heparin dosage may often have 
been biased by the assumption that too little 
heparin was better than too much. Tra- 
ditionally, the whole-blood clotting time has 
been used to monitor heparin effect. This test, 
however, is too time consuming at levels two to 
four times normal (20 to 40 minutes) to be use- 
ful in the operating room. Recently, the ACT 
has beccme popular for this purpose, and 
Schriever and associates [24] have shown it to 
be comparable to the whole-blood clotting time 
for determining heparin effect. Bull and as- 
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sociates [5] have shown that the ACT also pro- 
vides an accurate method for calculation of the 
circulating heparin half-life. The semiauto- 
mated ACT can be performed rapidly with a 
minimum of equipment in the operating room 
and is highly reproducible [29]. Sensitivity to 
heparin can be determined for each patient, 
and a linear heparin- ACT dose/response curve 
can be made from which both the total heparin 
dose needed for optimal anticoagulation and 
the total protamine sulfate dose needed for 
heparin reversal can be calculated. In this re- 
gard, other methods used to measure heparin 
effect during CPB [11], including partial 
thromboplastin time, activated partial throm- 
boplastin time, thrombin time, blood activated 
recalcification time, and the recently described 
polybrene neutralization test have major disad- 
vantages. The partial thromboplastin time and 
activated partial thromboplastin time correlate 
very poorly with both ‘whole-blood clotting 
time and ACT at the higher heparin levels indi- 
cated for CPB [7, 24]. In addition, heparin 
half-life cannot be calculated by either of these 
methods [3]. The heparin dose-anticoagulant 
response obtained with these methods is 
logarithmic, making accurate control of heparin 
administration at both low and high levels dif- 
ficult or impossible |7, 24, 25]. Consequently, 
these tests are not easily adapted to calculation 
of the precise protamine dose required to re- 
verse heparin effect. All these tests are compli- 
cated in comparison with the ACT, often 
requiring multiple dilution or titration tech- 
niques [4, 7, 12, 15, 20], and are subject to great 
variability due to lack of uniformity in the ac- 
tivity of commercially available reagents [26]. 
Although the ACT method specifically mea- 
sures the individual patient's sensitivity to 
heparin, controversy exists regarding the opti- 
mal anticoagulant range desirable for CPB. Bull 
and associates [5] have recommended an ACT 
between 300 and 600 seconds as the “safe 
range." The lower limit, however, was empiri- 
cally determined and not based on methods 
that assess the presence of intravascular con- 
sumption of clotting factors or of microscopic 
coagulation in the extracorporeal circuit. While 
this limit may well be safe, it does not define 
the point at which coagulation or consumption 


of coagulation factors, or both, definitely stop 
during CPB. 

Thrombin-altered fibrinogen or the fibrin 
monomer is a sensitive indicator of increased 
coagulation. It was measured in this study and 
correlated with various degrees of prolongation 
of ACT in order to determine the anticoagulant 
effect necessary to prevent coagulation during 
standard conditions of CPB. Fibrin monomer 


was not produced in 4 animals studied experi- 


mentally when the ACT was greater than 400 
seconds, and it is assumed that no active coagu- 
lation was occurring under these conditions. 
Similarly, fibrin monomer was not elevated in 5 
pediatric patients with an ACT greater than 450 
seconds during CPB. In both experimental and 
clinical situations with ACT above 400 seconds, 
platelets, fibrinogen, and AT-IIl were sig- 
nificantly spared during CPB, and little or no 
debris was formed on the oxygenator filter. One 
experiment, in which ACT was initially 428 
seconds and dropped below 400 seconds after 
60 minutes of CPB (see Fig 1), was especially 
instructive, since this was the point at which 
fibrin monomer was detected in plasma; thus 
further evidence was provided that 400 seconds 
is the critical level of anticoagulation required 
to prevent active coagulation under the condi- 
tions of CPB used in this study. 

The findings of this study are related more 
closely to the protocol of Verska |29], who 
suggested a limit of 400 seconds for prolonga- 
tion of ACT, than to the protocol of Bull and 
associates [6], who accepted 300 seconds as the 
lower limit of ACT acceptable on CPB. It should 
be noted, however, that the optimal level of 
ACT recommended by Bull and associates [6] 
was 480 seconds. The scanning electron micros- 
copy studies add further evidence in support of 
an ACT requirement of greater than 400 sec- 
onds for CPB. Heiden and associates [18] 
found thrombus deposits during prolonged ex- 
tracorporeal circulation when ACT was 170 to 
240 seconds. 

Anticoagulation during CPB should be suf- 
ficient to prevent excessive consumption of 
clotting factors, yet easily reversible after 
bypass. Some loss of clotting factor activity is 
inevitable, however, even when adequate anti- 
coagulation is used. Whole blood older than 24 
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hours is deficient in labile factors V and VIII, 
and platelet function is diminished, resulting in 
some dilutional loss of these factors depending 
on the prime/blood volume ratio. Dilution, 
however, rarely if ever has a significant qualita- 
tive effect on coagulation during or after bypass 
[8]. Dilutional effects are greatest in pediatric 
patients, in whom the ratio of oxygenator pump 
prime to patient blood volume is particularly 
high. Furthermore, ACT response and heparin 
half-life in children are significantly different 
from those in adults. The experimental model of 
this study is therefore particularly pertinent to 
pediatric patients who are generally less sensi- 
tive to heparin, but it is also applicable to CPB 
in adults since use of the ACT-heparin dose! 
response curve assures a uniform anticoagulant 
effect. 

Some clotting factors adhere to the nonen- 
dothelial foreign surfaces of the extracorporeal 
circuit and are lost from the circulation. This 
effect can be minimized by the use of specially 
treated tubing [9, 23] and oxygenator compo- 
nents, but such precautionary methods are not 
routinely used in most clinical settings. There- 
fore, even with adequate heparinization some 
loss of clotting factors can be expected during 
the first few passes of the blood through the 
bypass circuit. The experiments of Friedman 
and Leonard [13] have shown that platelets 
adhere to foreign surfaces in a single layer even 
under thrombus-free conditions. Platelets may 
reach a saturation density of 55 platelets per 900 
A^ or 60 x 10° platelets per square meter. The 
experiments of Tamari and associates [28] 
showed a 2096 decrease in platelets during 6 
hours of in vitro circulation through a 0.5 m? 
membrane oxygenator. The adherence of 
platelets and other clotting factors to surfaces in 
the extracorporeal circuit and the hemodilution 
explain the rapid initial reduction in coagula- 
tion factors at the onset of bypass, as well as the 
somewhat reduced levels observed after CPB in 
both experimental and clinical settings in this 
study. 

When the patient and the extracorporeal cir- 
cuit are inadequately anticoagulated, activa- 
tion of coagulation with generation of fibrin 
monomer and consumption of clotting factors 
occurs for the duration of CPB, resulting in pro- 
gressive impairment in the coagulation system. 


With loss of clotting factor activity, further pro- 
longation of the ACT occurs independent of 
heparin. Consequently, precise protamine dos- 
age is difficult to determine, and overdosage 
with protamine, introducing an additional po- 
tential coagulopathy in an already impaired co- 
agulation system, is more likely. 

Many believe that the incidence of bleeding 
during heparinization is dose related. How- 
ever, in most cases of bleeding associated with 
heparin therapy, excluding those related to 
specific predisposing factors, dosage has not 
correlated well with the incidence of bleed- 
ing complications [14]. In each of the fibrin 
monomer negative animals in this study the 
initial ACT was greater than 700 seconds, 
which is equivalent to an infinite clotting time. 
We did not find this fact detrimental experi- 
mentally, and clinically an ACT greater than 700 
seconds during CPB at our institution has not 
been associated with complications unless 
other coagulopathies or bleeding diatheses 
were present. The only disadvantage to this de- 
gree of anticoagulation is the difficulty in cal- 
culating the dose of protamine needed to re- 
verse the heparin effect. The ACT-heparin 
dose/response graph above 700 seconds is not 
linear, and therefore an initial estimated frac- 
tional protamine dose is given. This is followed 
by a repeat ACT determination and computa- 
tion of the remainder of the total protamine 
dose from the dose/response curve. With this 
procedure, protamine overdosage should never 
occur. 

When the ACT is used to monitor anticoagu- 
lant effect, our experimental and clinical data 
suggest that the clotting time should be at least 
400 seconds, or four times normal, for the dura- 
tion of bypass in order to prevent coagula- 
tion anc consumption. Excluding coincident 
coagulopathies, the only major anticoagulant 
effect present after bypass is heparin effect, 
which is completely reversible with protamine. 
Consumption of clotting factors during CPB is 
negligible for up to 2 hours of CPB as long as an 
ACT greater than 400 seconds is maintained. 
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Discussion 

DR. JOSEPH W. RUBIN (Augusta, GA): Without a 
method of controlling anticoagulation during CPB, 
defibrination or overdosage with heparin is possible. 
Prior to the use of the ACT to individualize the dose 
response of heparin, accepted practice dictated a 
pre-CPB loading dose of 2 to 3 mg per kilogram with 
periodic fractional incremental doses. Since 1975, 
ACT -controlled dose/response curves for heparin and 
protamine therapy have been employed in our pro- 
grams during all cardiac procedures, according to the 
method of Bull and associates. 

The impact of this method was assessed bv observ- 
ing blood loss during the first 24 hours following 
cardiac operations in 100 patients with and 100 with- 
out ACT control. Bypass time was the same for both 
groups, 78 + 35 minutes (SD). In the group with ACT 
control, an average dose of 4.4 + 1.8 mg per kilogram 
of heparin was required to maintain the ACT at or 
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near 500 seconds. Average heparin dose could not be 
estimated for the group without ACT control. The 
average total postoperative blood loss during the 
first 24 hours for the group undergoing heparin- 
protamine therapy without ACT control was 600 + 
550 ml; in the group with ACT control the blood loss 
was 490 + 350 ml. Despite the wide range of blood 
loss in the group without ACT control, there was no 
statistically significant difference between the 
groups. Nine patients in the first group and 6 in the 
second were returned for bleeding. During the past 2 
years, the rate of reoperation for hemorrhage has de- 
creased to less than 2%. 

To avoid defibrination during CPB, Dr. Doty has 
demonstrated the requirement necessary to achieve 
an ACT of 500 seconds with heparin. At that level, 
extrapolation of the ACT dose/response curve of 
heparin back to the control ACT accurately estimates 
residual circulating heparin. Reversal is accom- 
plished with a protamine dose of 1.3 ug per milli- 
gram of residual heparin. When the ACT exceeds 700 
seconds, the heparin dose/response curve may be 
nonlinear. In this circumstance, residual heparin es- 
timation by extrapolation may result in inadequate 
heparin neutralization and continued bleeding. 

Dr. Doty's paper is instructive and reaffirms the 
value of the ACT method of controlling anticoagula- 
tion. 


DR. DOTY: We have utilized nearly the same protocol 
as that proposed by Bull and associates a couple of 
years ago in the Journal of Thoracic and Cardiovascular 
Surgery. Our only modification of their protocol is 
that we use only two points to construct the dose/ 


response curve. What we do is measure the ACT be- 
fore the patient has received any heparin, give the 
patient an intravenous dose of 200 units per kilogram 
of heparin, and then measure the ACT a few minutes 
after the heparin dose has had time to exert its effect. 
On graph paper a straight line is drawn between the 
two poirts and extrapolated to whatever point we 
desire the ACT to be. We then administer the re- 
quired acditional heparin dose. This means all of the 
patients zre within a very narrow range of anticoagu- 
lant effect (about 480 seconds), not spread out over 
the bell-shaped population curve that we had previ- 
ously been working with. 

Dr. Ru»in commented about the problem of prot- 
amine reversal when anticoagulation is perhaps ex- 
cessive and heparin dose response is not linear. 
Under those circumstances, we administer an esti- 
mated dose of protamine to bring the patient back to 
a lower ACT, remeasure the ACT, and then locate 
this point on the initial dose/response curve, which 
should not change for any individual patient. We can 
then titra:e the patient with a second dose of prot- 
amine baek to the control clotting time. 

Regarding bleeding after operation in our patients 
before and after we started using ACT control, we 
did not see any statistically significant difference in 
the amourt of bleeding measured in the first 24 hours 
after operation. Some other authors have observed 
less bleeding after ACT control of anticoagulation, 
but we have not been able to confirm that observa- 
tion. 

Our reason for providing these data is to encour- 
age all thoracic surgeons who are using heparin to try 
to obtain more uniform anticoagulant effects with it. 
















An Endocardial Tined 
Ventricular Lead. 


Aedtronic” 6950 and 6951 unipolar and bipolar tined 
ads feature four integral silicone rubber tines that 
'otrude from the lead body just proximal to the tip 
ctrode. These tines were designed to provide better 
acute lead stability and reduce chronic lead 
\dgement by latching onto the papillary musculature 
or the trabeculae of the right ventricle. The large 
face area, provided by the tines should also enhance 
the stability afforded by fibrosis. 





A Small, Durable 
Endocardial Tined Lead. 


The newest members of the Tenax ™ family of 
self-anchoring leads — the 6961 and 6962 unipolar and 
bipolar leads — feature shorter, smaller tines and 
small tip diameter (8 French; approximately 10 French 
with tines folded) enabling the physician to use the 
more common cephalic approach. Though small, the soft, 
pliable tines are still long enough to become securely 
anehored in one or more of the interstitial spaces 
formed by the trabeculae of the right ventricular 
chamber. The lead’s ring-tipped electrode provides 
optimum energy to the heart with improved sensing and 
current drain characteristics. Its durable, 
space-wound multifilar conductor is designed to provide 
ee. Alonger flex life to match the potential long effective 
i ee o lithium arra pure generators. 
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For further information on the Medtronic 
lead family, contact your Medtronic, 
representative or write for a complete 
technical brochure. 


Medtronic, Inc. 
5055 Old Highway Eight, P.O. Box 14 
Minneapolis, Minnesota 55440 
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Manual of Coronary Care is a book you 
will want to own and use. Order your copy 
by filling in the order form below. 

142 pages. Spiralbound, #034991, $8.95 
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can face the future TENER 
with confidence. 


Over 50,000 CPl pacemakers implanted with a record 

of unmatched reliability ...a history of success that enables 
a dynamic corporation executive like Sanford Levine 

i enl his life and his companys future without missing 

a beat. 

Like thousands of patients and physicians all over the 
world, he has every reason to place his confidence in CPI— 
the company with more successful clinical experience 
than any other lithium pacemaker manufacturer 


Since marketing the first successful lithium pacemaker 

in 1972, CPI has continued to pioneer research and 
development of new and improved pacing technology 
From the beginning, CPI has demanded exceptionally 
sophisticated testing and exacting quality assurance 
procedures as well as advanced manufacturing methods. 
And because CPI makes it their business to set industry 
standards for product reliability, Sanford Levine will probably 
be playing a vital role in his company for years to come. 


At CPI. people believe that commitment to technological 
progress and a priority on product reliability are absolutely 
essential because lives literally depend on them. By 
placing emphasis on providing products that physicians 
and patients can have utmost confidence in, CPI has 
established an enviable reputation for consistent reliability 
that's reflected by vigorous corporate growth 


CPI has the kind of record a successful executive 
like Sanford Levine can understand and rely on—as a 
businessman and as a human being 
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the Quantitative Evaluation of Peripheral Vascular Disease: 
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The built-in Doppler facilitates the measurement of pressures along 
the arterial tree. 
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pressure gradient establishes a clinically accurate picture of functional 
perfusion. 
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Bronchioloalveolar Cell Carcinoma 
of the Lung: A Clinicopathological Study 


Daniel Dunn, M.D., Bruce Hertel, M.D., William Norwood, M.D., 


and Demetre M. Nicoloff, M.D. 


ABSTRACT Thirty-nine patients with bronchio- 
loalveolar carcinoma were reviewed. The pri- 
mary lung tumor from 27 patients was examined and 
divided by histological criteria into three categories. 
The type 1 pattern was associated with a mean survi- 
val of 4.7 years. A mean survival of 3.8 years was 
attained in patients with type 2. Patients with the 
type 3 pattern had an average survival of 1.4 years. 
There was a statistically significant difference in 
survival when types 1 and 2 together were compared 
with type 3 (p < 0.05). Another statistically signifi- 
cant finding was a mean survival of 5.2 years in 
patients with negative lymph nodes after surgical 
resection and a 2.2 year mean survival in patients 
with positive nodes. The tumor histology of bron- 
chioloalveolar carcinoma should be examined care- 
fully to obtain helpful information in predicting 
survival. We recommend that these tumors be 
classified as well-differentiated or poorly differ- 
entiated bronchioloalveolar carcinoma. 


Bronchioloalveolar carcinoma of the lung is a 
rare tumor comprising approximately 2% of all 
primary pulmonary malignancies [16]. Since 
1876 when it was described, several articles 
disputing its existence as a distinct pathological 
entity have been written [2, 20]. Some inves- 
tigators have found histological and clinical 
features that distinguish this tumor from 
adenocarcinoma [15, 17, 18, 23]; others have 
not [2, 22]. Because of the controversial nature 
of this lesion, many studies have been done to 
try to determine the cell of origin [8, 10, 11, 
15], whether the tumor is unicentric or mul- 
ticentric in origin [6, 9, 14], and which factors, 
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if any, are important in predicting survival [1, 
13, 18]. None of these studies investigated the 
influence of cell differentiation on survival of 
patients with bronchioloalveolar carcinoma. 
We reviewed our series of patients with this 
tumor to determine the effect of tumor histol- 
ogy on prognosis. 


Materials and Methods 

Thirty-nine patients with bronchioloalveolar 
carcinoma were seen at the University of Min- 
nesota Hospitals from 1950 to 1975. All were 
followed either until death or for a minimum of 
5 years, with 1 exception. This patient was 
operated on in 1975 and, at the time of writing, 
is alive with no evidence of disease. 

Twenty of the 39 patients (5196) were women. 
They ranged in age from 30 to 78 years (average, 
61 years). The symptoms at examination, the 
location of the primary tumor, the type of tumor 
(single, multinodular, or a diffuse pulmonary 
infiltrate), and the treatment were recorded. 
The presence of regional lymph node metas- 
tases in patients with pulmonary resection was 
also correlated with survival. Pulmonary spec- 
imens were available for examination from 27 
of the 39 patients (6996). The pathologist (B. H.) 
was not given clinical information on any 
patient. Patients with a previous or concurrent 
carcinoma were excluded from the study. The 
absence of another carcinoma was confirmed by 
long-term follow-up or postmortem examina- 
tion. To be included in the study, all lesions 
had to show malignant cells distributed in a 
uniform pattern along alveolar septa and ducts. 
All specimens were stained with hematoxylin 
and eosin as well as mucicarmine and alcian 
blue/periodic acid-Schiff (PAS) stains for mu- 
cin. The tumors were divided into three his- 
tological groups and the mean survivals for the 
groups were compared. A comparison was also 
made of the survival of patients who had pul- 
monary resection in each group, excluding 
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those patients who died of the operation. Sur- 
vival data were compared using the Student t 
test. 


Results 

Eighteen patients were asymptomatic at the 
time of diagnosis, the presence of a chest mass 
was discovered on routine chest roentgeno- 
gram. Seventeen patients were seen with pul- 
monary symptoms of cough, chest pain, or 
dyspnea. Back pain, headache, and hoarseness 
were the chief complaints of 4 patients with 
symptoms from distant metastases. The mean 
survival for the 18 asymptomatic patients was 
4.2 years, while that for the symptomatic pa- 
tients was eighteen months. In addition, only 1 
patient with symptoms from metastatic disease 
lived a year. Although dyspnea was an un- 
common symptom at examination (5%), it usu- 
ally denoted a carcinoma that was far advanced 
with impending respiratory failure and poor 
prognosis. 

The tumor was located in the upper lobes in 
18 patients (46%) and in the lower lobes in 10 
(26%). Six patients (15%) had involvement of 
more than 1 lobe, and 5 (13%) had extensive 
involvement of both lungs. There was no corre- 
lation between the site of the lesion and survi- 
val, but there was an increased survival rate in 
patients with less extensive lesions. 

Twenty-two patients were found to have a 
single pulmonary mass by roentgenogram or 
exploration. Included in this group are those 
lesions that could be considered coin lesions— 
that is, peripheral nodules less than 2 cm in 
diameter—and those that were larger but were 
single masses without satellite nodules. The 
mean survival in this group was 3 years. As 
might be expected, patients with a single tumor 
mass had a higher resectability rate (86% or 19 
out of 22 patients) and an improved mean sur- 
vival after resection of 4 years. Seventeen pa- 
tients had either multiple nodules in 1 lung or 
both lungs or diffuse parenchymal involvement 
by tumor. Mean survival was eighteen months. 
Only 4 of these (2396) were amenable to resec- 
tion, with a mean survival of 3 vears. Although 
it appeared that patients with a single mass or 
nodule had a better prognosis, no statistical dif- 
ference could be ascertained. 


Of the 39 patients, 30 (77%) had a thora- 
cotomy, and 23 (77%) of them were resected 
for cure. Early in the series 5 patients had 
pneumonectomy as the original operative pro- 
cedure. One patient had a lobectomy and 5 
years later, pneumonectomy for recurrent dis- 
ease. Of the 6 patients who had pneumonec- 
tomy, 3 died of the operation. The remaining 3, 
including the patient who had pneumonectomy 
as a second operative procedure, had a mean 
survival of 3 years. One patient was a 5-year 
survivor. Lobectomy was the operative proce- 
dure in 17 patients. There were 2 operative 
deaths. Cf the 17, 4 were 5-year survivors (24%). 
The mean survival was 3.9 years. Wedge resec- 
tion was performed in 1 patient who lived for 6 
years. Seven patients underwent exploratory 
thoracotemy but were judged unresectable be- 
cause of mediastinal lymph nodes involved 
with tumor or extensive parenchymal involve- 
ment no: appreciated preoperatively. Only à 
lung biopsy was performed in these patients. 
One survived 5 years; the mean survival was 
1.9 years. 

Nine patients were seen with disease that 
was far advanced, and therefore they received 
no operative treatment. The longest survivor 
lived eighteen months; the mean survival was 
three months. Several of these patients had a 
relativelv short duration of symptoms while 
others neglected svmptoms of productive cough 
or chest pain for up to a year. All of the patients 
had extensive bilateral disease, respiratory fail- 
ure, or distant metastases when first seen. 

In total, 31 operative procedures were per- 
formed on 30 patients. There were 6 operative 
deaths for an overall operative mortality of 
1996. Four of the 6 deaths occurred before 1960. 
There were no operative deaths after 1965. The 
improvement in surgical techniques, in pre- 
operative and postoperative care, and in selec- 
tion of patients has undoubtedly affected the 
operative mortality rates. A 72-year-old woman 
had a cerebral vascular accident while re- 
cuperating from pneumonectomy. A 68-year- 
old woman with a history of previous myo- 
cardial infarction died of massive myocardial 
infarction one month after operation. Another 
patient had a bronchopleural fistula follow- 
ing lobectomy and died while undergoing ir- 
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rigation of the fistulous tract. Three patients 
had extensive lesions at the time of operation. 
lwo of these patients had pneumonectomy and 
extensive chest wall and diaphragm resections 
to remove all tumor. Both died of progressive 
pulmonary failure. The third had extensive in- 
volvement of both lungs and died two days 
after an open biopsy was performed. 

At the time of writing, 7 of the 39 patients are 
alive 5 years after operation, an overall survival 
of 18%. If those who died of operation and 
those who had no definitive treatment because 
of the far advanced stage of the disease are ex- 
cluded, then the “operative” 5-year survival is 
29%. Our overall survival is low because we 
included terminal patients; in many series such 
patients are not considered in survival statis- 
tics. Three of the 7 5-year survivors died of 
metastatic disease 5, 8, and 9 years after the 
initial operative treatment. One patient alive 12 
years after the initial pulmonary resection had 
an epidermoid carcinoma of the tonsil and then 
an epidermoid carcinoma of the lung. Two pa- 
tients died of unknown causes 6 and 9 years 
after lung resection. One patient is alive with 
positive hilar lymph nodes and with no evi- 
dence of disease 6 years following lobectomy. 

The incidence of regional (hilar or mediasti- 
nal) lymph node metastases in those patients 
who had curative resection was evaluated and 
found to correlate with survival (Fig 1). This 
was one of the most prognostic indicators to 
come from our series. Of the 23 patients who 
had curative resection, 13 had positive regional 
nodes and 10 had negative nodes. Three pa- 
tients with positive regional nodes died of the 
operation. One patient in this group is still liv- 
ing 6 years after resection; the mean survival 
was 2.2 years. The mean survival for those pa- 
tients with negative regional nodes, excluding 2 
operative deaths, was 5.2 years. This difference 
is significant (p < 0.05). 

Pathological examination of the 27 specimens 
available indicated that the lesions could be 
categorized in three histological patterns. The 
first pattern was characterized by cells with 
abundant mucin-producing cytoplasm, which 
lined the alveolar spaces and alveolar ducts ina 
very organized fashion (Fig 2). These tumor 
cells had relatively bland nuclei with sparse 
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Fig 1. Mean survival of 18 patients with bronchioloal- 
veolar carcinoma who had curative resection. 





Fig 2. Type 1 histological pattern of bronchioloalveolar 
carcinoma. (H&E; original magnification X40.) 


mitoses and little if any pleomorphism. The nu- 
clei were basally oriented. The cytoplasm was 
abundant with PAS and mucicarmine-positive 
material. The alveolar spaces in some areas 
were filled with mucin as well as exfoliated 
tumor cells. Because of the pattern of growth 
along alveoli, the periphery of the tumor 
showed frond-like projections into the lung 
parenchyma. The architecture of this pattern 
was maintained throughout the tumor. There 
were no undifferentiated areas or areas of focal 
lung destruction. The anatomy of the alveolar 
spaces was maintained. This pattern was des- 
ignated type 1. 

The second histological pattern had essen- 
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Fig 3. Type 2 histological pattern of bronchioloalveolar 
carcinoma. (H&E; original magnification X40.) 
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Fig 4. Type 3 histological pattern of bronchioloalveolar 
carcinoma. (H&E; original magnification X40.) 
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Fig 5. Survival according to histological type in 22 pa- 
tients with bronchioloalveolar carcinoma. 
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tially the same growth pattern, but, the tumor 
cells were much smaller and little mucin pro- 
duction was obvious when they were stained 
with hematoxylin and eosin (Fig 3). The 
mucicarmine and PAS stains were positive. The 
cells were very similar to the granular pneumo- 
cyte or alveolar type II cell. None of the tumors 
with this histological pattern had undiffer- 
entiatec areas, and normal alveolar anatomy 
was maintained throughout the tumor. This 
pattern was designated type 2. 

The third pattern or type 3 was characterized 
by mos: of the same features as type 2. In some 
sections, however, more solid areas of tumor 
were recognized (Fig 4). In these areas, normal 
anatomy was not maintained and focal lung de- 
struction was obvious. The cells were less dif- 
ferentiated than in the previous two patterns, 
and there was less mucin production. It should 
be stressed that even in this type of tumor the 
predominant histological pattern was similar to 
type 2. 

Six patients had type 1 lesions (Fig 5). There 
was 1 cperative death in this group. The mean 
survival of the remaining 5 patients, including 
1 patient living 2 years after lobectomy, was 4.7 
years. Eight patients had type 2 lesions. There 
was 1 operative death. The other 7 patients had 
a mean survival of 3.8 years. Type 3 lesions 
were present in 13 patients. Excluding 3 opera- 
tive deaths, the mean survival for this group 
was 1.4 years. Three of the patients had far-ad- 
vanced carcinoma with a relatively short dura- 
tion of symptoms when they were first seen. 
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Fig 6. Mean survival of 15 patients with curative resec- 
tion and patkological examination of resected speci- 
mens. 


There is no statistically significant difference in 
survival between patients with types 1 and 2. 
There is a significant difference in survival, 
however, when types 1 and 2 are compared 
with type 3 (p « 0.05). 

To determine if there was a correlation be- 
tween lymph node metastases and histological 
type, patients who had curative resection were 
compared (Fig 6). Fifteen of the 23 patients who 
survived curative resection and had patholog- 
ical examination of resected specimens were 
compared. Three patients had type 1 pattern, 

negative nodes, and a mean survival of 42 
years. This includes 1 patient living 2 years 
after lobectomy with no evidence of disease. 
Seven patients had type 2 histology and a mean 
survival o£ 4.0 years. This includes 4 patients 
with positive regional lymph nodes and 3 with 
negative lymph nodes. Of the 5 patients who 
had curative resections and type 3 histology, 4 
had positive lymph nodes. Excluding 1 patient 
with type 3 pattern and negative nodes, the 
mean survival for this group was ten months. 
Tumor histology appears to be important in 
predicting survival and incidence of lymph 
node metastases. 


Comments 
There have been many articles written about 
the controversial] aspects of bronchioloalveolar 
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carcinoma of the lung [24]. Those questions 
causing the most discussion are as yet unan- 
swered. Since there is strong contradictory evi- 
dence to dispute most of the theories about this 
disease, the best that can be achieved is a con- 
sensus of opinion. For example, Coalson and 
co-workers [4] believe that the cell or origin of 
this tumor is the alveolar type II cell or granular 
pneumocyte, other researchers are unsure [5, 
16, 23], and still others offer electron and light 
microscopic evidence for a bronchiolar origin of 
the tumor [7, 8, 15, 21]. The controversy has 
little if any clinical importance since the termi- 
nal bronchiole and alveolus are in such close 
proximity. Thus the term bronchioloalveolar car- 
cinoma is the one most commonly used to des- 
ignate this tumor. 

While most investigators believe that bron- 
chioloalveolar carcinoma is a distinct clinico- 
pathological entity [6, 16, 17], others [3, 12, 
19] present data indicating that it behaves no 
differently from adenocarcinoma and has many 
of the same clinical features—peripheral loca- 
tion, high incidence in women, and frequent 
association with scar. They think that bron- 
chioloalveolar carcinoma is merely a growth 
pattern of adenocarcinoma. We believe that the 
majority of evidence now available, including 
survival rates [17, 18], tumor morphology on 
both light microscopy and electron microscopy 
[8, 15], and distinguishing roentgenographic 
findings, indicates that this carcinoma should 
be classified separately from adenocarcinoma. 
Furthermore, there is marked variability of 
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tumor morphology within the group of lesions 
satisfying the criteria for bronchioloalveolar 
carcinoma. Therefore, pathological specimens 
should be examined carefully if helpful prog- 
nostic information is to be gained. 

The question of the greatest clinical impor- 
tance is whether this tumor is of unicentric or 
multicentric origin. If it is multicentric in ori- 
gin, then little is to be gained by any type of 
operative procedure short of removing both 
lungs. If, however, the tumor is unicentric and 
has a propensity to spread by aerogenous, lym- 
phatic, and hematogenous routes to other parts 
of the lung and distant organs, operative proce- 
dures to remove it with a good margin are jus- 
tified. Since one-third of these tumors are seen 
as solitary masses or coin lesions [2] and have 
a good prognosis if resected [17, 18], a mul- 
ticentric origin is certainly unlikely. Again 
tumor histology is helpful in answering this 
question. A characteristic histological finding is 
alveolar spaces filled with exfoliated tumor cells 
and prominent papillary projections of tumor 
extending from the alveolar septa. This, to- 
gether with multiple tumor implants in close 
proximity to the primary tumor, justifies the 
theory that these tumor cells are transmitted 
along aerogenous pathways. In addition, if 
there are microscopic implants in close prox- 
imity to the gross tumor and if lymphatic inva- 
sion is common [16, 25], wedge resection will 
be inadequate treatment. If, however, a periph- 
erally located lesion has extended to involve an 
entire lobe or 2 lobes, then the chances of hav- 
ing aerogenous metastases to the opposite lung 
are much higher and pneumonectomy in most 
cases is not justified. 

Lymph node metastases from bronchioloal- 
veolar carcinoma are an important prognostic 
indicator. Another important aid in predicting 
survival of patients with this tumor is the tumor 
histology. Since there was no significant dif- 
ference in our series between types 1 and 2, we 
suggest that these tumors may have a very simi- 
` lar biology. If either of these patterns is present, 
a mean survival of 34 to 442 years can be ex- 
pected. If the tumor has a type 3 pattern in sev- 
eral areas, a much poorer prognosis is likely. 
This difference could account for the wide dis- 
parity in survival figures reported for bron- 


chioloalveolar carcinoma. We recommend that 
all pathclogy specimens be examined carefully 
and tha: they be designated as well (types 1 and 
2) or pcorly (type 3) differentiated bronchio- 
loalveolar carcinoma. 

Thirty-nine patients with bronchioloalveolar 
carcinorra were reviewed. Noteworthy indi- 
cators ot the prognosis were the presence or ab- 
sence of symptoms, lymph node metastases, 
and tumor histology. Patients with well- 
differenHated tumors, types 1 and 2, had a sig- 
nificantly better survival than those with the 
more undifferentiated type 3 tumor. We rec- 
ommend designating these tumors as well- 
differen:.ated or poorly differentiated accord- 
ing to our criteria. We believe that this grading 
system will be helpful in predicting survival for 
patients with this tumor. 
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Discussion 


DR. CLIFTON F. MOUNTAIN (Houston, TX): Two major 
points are made in the study: (1) bronchioloalveolar 
carcinoma is a unique clinicopathological entity, and 
(2) histological grading is an important prognostic 
predictor. With respect to the first point, two lines of 
inquiry may be used to test the hypothesis. First, is 
the clinical and biological behavior of bronchioloal- 
veolar carcinoma notably different from that of 
adenocarcinoma, with which it is commonly 
grouped? Second, can histological differences be 
cataloged and the probable cell of origin of this tumor 
identified? 


In our experience with 113 patients classified as 
having  bronchioloalveolar carcinoma, propor- 
tionately fewer patients were resected, but the survi- 
val of those was very similar to that for adenocar- 
cinoma. Dr. Dunn's data emphasized the markedly 
adverse effects of tumor burden, especially metas- 
tases to regional lymph nodes. This was also true in 
our experience with adenocarcinoma: only 296 of the 
patients with positive mediastinal lymph nodes who 
underwent resection survived 5 years. 

We both observed several apparently unique clini- 
cal characteristics: (1) the extreme peripheral location 
of the tumors; (2) the relative absence of atelectasis 
and obstructive pneumonitis, which we think sup- 
ports our belief in airborne metastases; (3) the ten- 
dency to visceral pleural involvement; and (4) in- 
trapulmonary spread, especially to the contralateral 
lung. We believe aerometastases is a more tenable 
concept than that of multicentric origin for this 
tumor. 

The unequivocal diagnosis of this tumor by light 
microscopy is regarded as difficult by many 
pathologists. In studying its ultrastructure by elec- 
tron microscopy, my colleague, Dr. Bruce McKay, 
found two types of cells to be present. Clara cells, 
arising in the terminal bronchioles, predominate. 
These are characterized by granular, membrane- 
limited, neurosecretory granules, which tend to ac- 
cumulate on the lumen side of the cell. There are 
large lakes of cytoplasmic glycogen, and in many 
cells mucin is present. Less common are type Il 
pneumocytes of the alveolar walls, which are distin- 
guished by lamellar bodies. Not a pathologist, I find 
it interesting that in sputum cytological specimens 
adenocarcinoma cells are most often large and sin- 
gle, while bronchioloalveolar carcinoma cells ap- 
pear in clusters. 

Basing my agreement on results in our own stud- 
ies, therefore, I concur with Dr. Dunn that this is a 
distinct clinicopathological entity. However, I am not 
persuaded that there is a necessity to catalog our ex- 
perience by grading these tumors. Because the survi- 
val experience in his type I and II is similar, they can 
be brought together, and the poorer experience with 
type HI can be accounted for by the preponderance of 
patients with positive mediastinal lymph nodes. 


DR. EDWARD R. MUNNELL (Oklahoma City, OK): In 
our experience, attention to cell type for classification 
and prognosis may be confusing. One example is a 
66-year-old woman who had an infiltrate in the right 
midlung in 1962 and was treated by middle lobec- 
tomy. Tissue section showed a growth pattern typical 
of bronchiolar carcinoma with extension over the 
existing alveolar network and little fibrosis. Chest 
roentgenograms were made yearly, and in May of 
1974, 12 years later, a new lesion was seen in the 
right lower lung field in the lateral view. A right 
lower lobectomy was done, and a mass with a simi- 
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lar, although not identical, pattern to the original was 
removed. There was greater pleomorphism, fibrosis, 
and a pattern more like adenocarcinoma but called 
bronchiolar carcinoma by the pathologist. In 1977, a 
clavicular metastasis on biopsy had yet a third pat- 
tern less characteristic of bronchiolar carcinoma. 

In essence, the pathologist is presented with a di- 
lemma in the differential diagnosis of bronchiolar 
carcinoma versus adenocarcinoma. It may be impos- 
sible to determine morphologically whether a more 
poorly differentiated new lesion represents metas- 
tasis from another neoplasm or less well differ- 
entiated bronchiolar carcinoma. Dr. Dunn’s presen- 
tation is a bit worrisome to me since it is possible 
that some of their patients had adenocarcinoma of 
the lung and not bronchiolar carcinoma. 

In our studies and others, with strict adherence to 
instances of bronchiolar carcinoma, excluding 
adenocarcinoma, the results are much different, and, 
therefore, the prognosis is much different from that 
reported here. In our studies carried out over a 
number of years, 75% of patients with solitary bron- 
chiolar carcinoma survived 5 years and 50% survived 
10 years. 

I enjoyed Dr. Dunn’s presentation greatly and 
would like to ask him three questions. (1) Were your 
instances of type III, in fact, adenocarcinoma of the 
lung? (2) Was fibrosis seen in conjunction with the 
tumor, as is often reported by others? (3) Why were 
your survival statistics not as good as those more 
commonly reported in recent years? 


DR. F. GRIFFITH PEARSON (Toronto, Ont, Canada): I 
wish to present some information which Dr. Norman 
Delarue at the Toronto General Hospital is currently 
analyzing. Dr. Delarue’s data do support a number of 
observations the authors have made relating histol- 
ogy to diagnosis. At the same time, it is evident from 
the discussion of this paper that we as surgeons are 
very much dependent on the interpretation of the 
histology by our pathologists. Differences in inter- 
pretation make comparison between institutions dif- 
ficult when one is attempting to relate prognosis to 
histological type. 

During a recent 7-year period at the Toronto Gen- 
eral Hospital, 101 patients were seen with bron- 
chioloalveolar carcinoma. The first striking observa- 
tion is the unexpectedly high incidence of this cell 
type; it represents close to 10% of the primary car- 
cinomas seen in our institution during that time pe- 
riod. 

Our pathologists have come up with an identical 
classification to that of the authors and define three 
types: a well-differentiated secretory type, a well- 
differentiated nonsecretory type, and a poorly differ- 
entiated type in which there are sheets of cells re- 
sembling adenocarcinoma. 

In January, 1972, in Cancer, Dr. Delarue reported 
on a group of 40 patients who had undergone resec- 


tion for alveolar cell carcinoma. Thirty-two of the 40 
patients had localized tumors, most of which were 
the well-differentiated type. Sixteen of the 32 have 
survived 5 years, giving an absolute survival of 50% 
for this cell type with localized disease. We have ob- 
served a much better survival rate in this group of 
patients tnan that reported by the authors. Eight pa- 
tients in ‘his series of 40 had hilar lesions that re- 
quired pneumonectomy, and in these patients the 
hilar lymph nodes were frequently involved. In this 
latter group, 4 patients were living at 3 years, but all 
were dead at 5 years. In these 8 patients there was a 
high proportion of the poorly differentiated cell type. 


DR. HERMES C. GRILLO (Boston, MA): A few years ago 
Dr. Gerald Nash who was then at the Massachusetts 
General Hospital, Dr. Lorenzo de la Gazza, and I re- 
viewed otr patients with alveolar cell carcinoma. We 
quickly discovered the problem of a spectrum of his- 
tology and the frequent variations from one part of a 
tumor to another if enough fields are examined. 
More than 200 consecutive patients with alveolar cell 
carcinoma and adenocarcinoma were studied. 

With regards to histological criteria, there were 
four categories of carcinoma: pure alveolar cell car- 
cinoma, pure adenocarcinoma, alveolar cell car- 
cinoma with mixed adenocarcinoma, and another 
group of adenocarcinoma mixed with alveolar cell 
carcinoma 

We ther. correlated this with the clinical picture. 
The patiezts with pure alveolar cell carcinoma had a 
5-year survival of more than 5096. Those with alveo- 
lar cell carcinoma with a touch of adenocarcinoma, 
which ought to be lethal, had about a 24% 5-year 
survival. The other two groups, pure adenocar- 
cinoma ar.d adenocarcinoma with a little bit of alveo- 
lar cell carcinoma, were at the expected adenocar- 
cinoma levels of 8 to 1596 5-year survival. 

Light microscopy may not be really keen enough to 
differentia-e these groups. 


DR. WATTS WEBB (New Orleans, LÀ): Some years ago 
in reviewing our records of patients with carcinoma 
that was considered scar carcinoma, we found a dis- 
proportionately high incidence of bronchioloal- 
veolar carc.noma, more than 2096, and very excellent 
survival in this group. I wonder if there has been a 
similar exzerience here. 


DR. J. w. PEABODY (Washington, DC): As a proponent 
of the mir::thoracotomy for peripheral lesions, | am 
impressed with the frequency with which alveolar 
cell carcincma appears as a peripheral lesion. I am 
impressed equally with the statistics provided by Dr. 
Mountain in his discussion and with the fact that 
patients w:th nodal involvement do poorly in the 
long run. 

For many years, we have been satisfied with 
wedge resection to treat peripheral alveolar cell car- 
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cinoma and think it an adequate operation. It avoids 
extension of the 6 to 8 cm incision. It is an operation 
that is easily performed and is superior to and more 
quickly done than a needle lung biopsy in many in- 
stances. I ask the author whether he would regard 
wedge resection as a Satisfactory operation for alveo- 
lar cell carcinoma of the lung. Frequently, a gross 
diagnosis is made, which is confirmed easily by the 
pathologist, and there may be no need to extend the 
operation. 


DR. DUNN: I will answer the last question first. We 
have not treated enough patients by wedge resec- 
tion, and I don't think anyone has, to compare it with 
treatment by lobectomy. However, we think that 
since there is evidence for aerogenous metastases, 
lymphatic invasion in a high percentage of patients, 
and microscopic satellite nodules within close prox- 
imity to the tumor, wedge resection is inadequate 
treatment. Lobectomy is a better procedure but we 
have no hard data to support that statement. 

Many of the questions alluded to the controversy 


of whether this tumor is really just a unique growth 
pattern of adenocarcinoma. We think that bron- 
chioloalveolar carcinoma is a specific and distinct 
tumor. However, it is more important that the dif- 
ferentiation be recognized by the surgeon and pa- 
thologist. If a tumor is primarily type III or poorly 
differentiated, then the patient will not do as well as 
he would if the tumor were type I or II, which is 
better differentiated. 

To answer the questions about fibrosis and associ- 
ation of scars with this tumor, we did not make a 
specific point of that although fibrosis was present in 
many of the lesions. The reason for our low survival 
was probably because of the inclusion of many pa- 
tients who were terminal and had no definitive 
treatment. 

I was very encouraged by the work of Dr. Pearson 
and Dr. Delarue since they also have established a 
very similar grading system for bronchioloalveolar 
carcinoma. 

I thank all of the discussants, especially Dr. Moun- 
tain, for their very interesting and pertinent com- 
ments. 


Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the Marco Beach Hotel, Marco Island, FL, on 
November 2-4, 1978. There will be a $100 reg- 
istration fee for nonmember physicians except 
for guest speakers, authors and coauthors on 
the program, and residents. There will be a 
Postgraduate Program on Difficult Problems in 
Surgical Management preceding the regular 
program. This meeting has been approved for 
Category I CME credit. 


The Scientific Program appears at the end of 
this issue of The Annals of Thoracic Surgery (pp 
288-290). Manuscripts of papers accepted for 
the program must be submitted to The Annals of 
Thoracic Surgery by October 15, 1978. 

Hotel reservations may be made by writing to 
the Marco Beach Hotel, 400 South Collier Blvd, 
Marco Island, FL 33937. (Phone: 813-394-2511). 


J. Kent Trinkle, M.D. 
Secretary-Treasurer 


Extending Resectability for 


Carcinoma of the Lung in Patients 
with Impaired Pulmonary Function 


Richard M. Peters, M.D., Jack L. Clausen, M.D., and Gennaro M. Tisi, M.D. 


ABSTRACT A total of 49 consecutive patients who 
had resection for carcinoma of the lung is reported. 
Twenty-two of the patients had marginal pulmonary 
function, forced expiratory flow rate less than 1.0 
liter per second, and forced vital capacity in the first 
second less than 70%. Of the total group, 23 were 
more than 60 years old, and 13 of these had marginal 
pulmonary function. Thirteen patients had pneu- 
monectomy, with no hospital mortality; 30 had 
lobectomy, with 3 hospital mortalities; and 6 had 
wedge resection, with 1 hospital mortality. No pa- 
tients had pulmonary insufficiency in the post- 
operative period or died of pulmonary insufficiency. 

The selection of patients was based on a combina- 
tion of data on flow rates, vital capacity, and regional 
ventilation perfusion scans. The good results may be 
due to the fact that despite major obstructive disease 
of the airway, vital capacity was preserved (92 + 16% 
of predicted). Intraoperative use of the Robertshaw 
tube, preservation of as much lung as possible, and 
use of local analgesia during the postoperative pe- 
riod were apparent contributors to the low mortality 
and the absence of pulmonary insufficiency. 


Operative resection is the only established 
method of providing prolonged arrest or cure of 
carcinoma of the lung. Careful assessment of 
the stage of carcinoma by clinical evaluation, 
bronchoscopy, mediastinoscopy, and anterior 
thoracostomy has reduced the number of pa- 
tients undergoing thoracotomy without resec- 
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tion from 30 or 4096 to 1096 of those operated on 
[10]. 

A second aspect of the evaluation of patients 
with carcinoma of the lung is to assess the car- 
diopulmonary status, particularly pulmonary 
reserve. À patient who dies of pulmonary insuf- 
ficiency after pulmonary resection is one of the 
most tragic failures of preoperative evaluation. 
Equally tragic is the patient who is incorrectly 
judged to be inoperable because of inadequate 
respiratorv reserve but who can, in fact, tolerate 
resection. In most instances, this determination 
hinges on the preoperative evaluation of the pa- 
tient's cardiopulmonary status. 

The merbidity and mortality of patients who 
have undergone pulmonary resection for lung 
cancer can be viewed in terms of the continuity 
of clinical management, beginning with pre- 
operative clinical evaluation, extending to 
intraoperative management, and encompassing 
postoperative care. This study is a retrospective 
review of a consecutive series of 49 patients 
who had zulmonary resection for lung cancer at 
the Veterans Administration Hospital, San Di- 
ego, from 1973 to 1977. The morbidity and mor- 
tality of our patients are considered in terms of 
the continuity of clinical management. Most 
studies of preoperative clinical evaluation of the 
patient with chronic obstructive pulmonary 
disease re.ate the degree of pulmonary disabil- 
ity to a measurement of expiratory flow rate and 
suggest that a determination of operability can 
in large part be based on the degree of flow 
limitation In the series of patients reported 
here, the absolute value of the lung volume (vi- 
tal capacity), the topographic localization of 
that volume (xenon ventilation/perfusion scin- 
tophotography), and the flow rate were the 
criteria for assessing adequacy of lung function. 
The intraoperative and postoperative precau- 
tions and management are presented and dis- 
cussed. Tais retrospective analysis of our ex- 
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perience does not attempt to relate our reported 
mortality to a single variable; rather, it high- 
lights a multiplicity of variables in each of the 
three phases of patient management. 


Materials and Methods 

The records of 50 consecutive patients who 
underwent pulmonary resection for carcinoma 
of the lung were reviewed for age, type of oper- 
ation, preoperative pulmonary function, post- 
operative blood gas levels, days of ventilator 
therapy, hospital mortality, and 90-day mor- 
tality. One patient who had wedge resection for 
a benign hamartoma was excluded, leaving 49 
patients for the study. 

The pulmonary function tests used in the 
clinical appraisal of this series of patients were 
vital capacity (VC) and percent of predicted VC; 
forced vital capacity (FVC); forced vital capacity 
in the first second (FEV,), both the absolute 
value and as a percent of FVC; forced expiratory 
flow between 25 and 75% of VC (FEF%;.;5); 
radionucleotide ventilation and perfusion scan; 
and preoperative and posioperative arterial 
blood gas levels. These tests were done in the 
clinical pulmonary function laboratory of the 
Veterans Administration Hospital. For the 
analysis, indirect maximal voluntary ventila- 
tion (MVV) was determined from the observed 
FEV, [2]. Predicted normal values of Morris and 
colleagues [8] were used for spirometric param- 


eters, and those of Bates and associates [1] were 
used for MVV. 


After the primary review, the 49 patients 
were divided into two groups: an adequate 
pulmonary function group, FEE; ;, greater 
than 1.0 liter per second and FEV, greater than 
60%; a marginal pulmonary function group, 
FEF,;_75 less than 1.0 liter per second and FEV, 
less than 7096. For the marginal pulmonary 
function group, a more detailed analysis of the 
records was carried out. 


Results 

Table 1 shows the type of pulmonary resection 
and the pulmonary function distribution (i.e., 
adequate or marginal functional group) for each 
decade of age. There were 13 pneumonectomies 
(5 right and 8 left), with no hospital mortalities. 
Four were done in patients more than 60 years 
old. The remaining 36 resections included 5 
wedge resections, with 1 mortality because of 
sepsis from a ruptured ulcer, 1 segmental resec- 
tion, and 30 lobectomies, with 3 hospital (less 
than 30-day) mortalities. A summary of each 
mortality is presented in Table 2. 

Of the 49 patients, 22 were in the marginal 
pulmonary function group. The findings on 
these patients are listed in Table 3. No patients 
with a Paco, higher than 42 were accepted for 
operation. There were 2 deaths in this group; 
neither was caused by pulmonary insuffi- 
ciency. 

Table 4 shows the findings in 13 patients who : 
required pneumonectomy. Only 2 of these pa- 
tients had marginal pulmonary function, and 


Table 1. Age, Type of Resection, Pulmonary Function 


Type of Resection? 
Age (yr) Lobe Wedge = Pn =60 
30-39 (1 
40—49 3 1 5» i" 
50—59 11 2? 3. 6 
60—69 13 1 3. 9 
70—79 3 2 1 3 


FEV, FEF,. 5 VC 
60 «1.0 1.0 <80 >80 
1 1 1 
8 4» 8 1 8 
9 6 9 5 10 
9 12 6 5 12 
3 3 3 1 5 


4Right pneumonectomy, 5; right lower lobe, 5; right middle lobe, 2; right upper iobe, 14; right middle and lower lobe, 1; 


right upper lobe wedge, 2; right upper and middle lobe, 2; left pneumonectomy, 8; left upper lobe, 4; left lower lobe, 2; left 


upper lobe wedge, 2; left lower lobe wedge, 1. ~ 
"One left lower lobe superior segment. 


FEV, = forced vital capacity in the first second; FEF,,_,;, = forced expiratory flow between 25 and 75% of vital capacity; VC 


= vital capacity; Pn = pneumonectomy. 
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Table 2. Mortality 


Patient Age Type of FEV, 
No. (yr) Resection FEE, 75 (%) 
30-DAY OR HOSPITAL MORTALITY 

18 59 RUL 3.0 78 
38 51 RUL 1.4 62 
17 48 RUL 1.0 57 
86 74 LLL wedge 0.8 55 
90-DAY MORTALITY 

69 76 LPn 1.2 67 
42 63 RML 1.2 70 


Pcstop 
VC Day of 
(90 Death Cause of Death 
91 5 Myocardial infarction 
88 18 Staphylococcal pneumonia, pul- 
monary coccidioidomycosis on 
amphotericin treatment 
82 20 Empyema with open thoracos- 
tomy drainage and rib resection 
(14 days) after operation. Died 
suddenly at home 7 days after 
discharge; postmortem exam- 
ination inconclusive. Family re- 
ported that patient hemor- 
rhaged 
104 33 Metastatic hypernephroma that 
ruptured postoperatively. Died 
of abdominal sepsis 
109 60 Sudden death while receiving 
radiation therapy 
80 77 Recurrent carcinoma 


RUL = right upper lobe; LLL = left lower lobe; LEn = left pneumonectomy; RML = right middle lobe; other abbreviations 


same as for Table 1. 


both had ventilation/perfusion (V,/Q) scans 
that showed 66% (Patient 57) and 70% (Patient 
40) of the function on the uninvolved side. The 
calculated FEV, for the side opposite the 
pneumonectomy in these patients was 949 cc 
and 1,155 cc, respectively, and VC was 1,654 cc 
and 2,292 cc, respectively. 

Limited resections were done for marginal 
pulmonary function or because of metastatic le- 
sions: 1 left lower lobe superior segment resec- 
tion was done as an adequate definitive pro- 
cedure; 1 triple wedge was done for multiple 
carcinomas in 1 lung; and 1 wedge of metastatic 
hypernephroma was done in a 76-year-old pa- 
tient with a FEV, of 56%. Thus, in this group, 
the decision to do a limited resection depended 
on both the nature of the carcinoma and the 
pulmonary function. 

The findings for patients with marginal pul- 
monary function are listed in Tables 3 and 4 in 
order of increasing pulmonary functional capac- 
ity. Only 9 of 22 patients had V,/Q scans. To 
assess the basis for the decision to do a V4/O 


scan in retrospect, one of us (G.T.) reviewed all 
the roentgenograms before the other data. Vari- 
ables taken into account were roentgenographic 
evidence of limited function to the region re- 
quiring resection, the proportional distribution 
of the lung volume to each hemithorax, and the 
roentgenographic distribution of perfusion 
both to tke lung undergoing operation and the 
lung that would remain after operation. There 
was good. correlation between the actual use of 
V,/Q scars and this retrospective appraisal of 
the indications for scans based on review of the 
chest roentgenograms. All the patients with a 
VC less tran 80% of predicted had V4/O scans, 
as already noted (Table 5). The split functions 
showed trat in 2 patients who had pneumonec- 
tomy (Patients 40 and 57), the postoperative VC 
would be 2,292 cc and 1,654 cc, respectively. 
The remaining 7 patients underwent more lim- 
ited resection: in 4 patients, the lung with the 
smaller VC was operated on (Patients 76, 36, 77, 
and 17); in 2 (Patients 19 and 26), the VC of the 
contralateral lung was close to 2 liters (1,882 cc 
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Table 3. Patients with Poor Pulmonary Fuaction, in order of Severity 
(Marginal Pulmonary Function Group) 





Patient Weight Age Type of FEV, FEV, VC VC (96 
No. (kg) (yr) Resection FEP 7; (96) (cc) (cc) predicted) 
78 69 67 RUL 0.3 45 1,436 3,289 igs 
76 66 67 RLL 0.4 39 1,345 3,584 93 
39 64 57 RLL 0.4 50 1,389 2,957 a8 
36 70 58 LL sup seg 0.5 43 1,680 3,908 84 
24 71 62. RLLRML 0.5 51 2,092 4,299 86 
19 69 63 RLLRML 0.5 52 1,812 4,005 94 
26 70 yu RUL 0.6 52 2,269 4,592 109 
40 70 68 RPn 0.7 93 1,650 3,275 74 
62 65 58 RLL 0.7 58 1,983 3,452 88 
70 70 55 RUL 0.7 58 2,267 4,136 87 
88 70 62 RUL 0.8 45 2,580 5,824 116 
77 69 55 RUL 0.8 34 1,583 9,322. 72 
86? 72 74 LLLW 0.8 55 2,758 5,015 104 
75 64 69 LUL 0.8 65 1,989 3,289 94 
57 67 61 RPn 0.8 . 67 1,439 2,507 60 
27 72 60 LUL 0.9 56 2,005 3,940 80 
50 71 76 RULW 0.9 56 2,891 5,439 125 
87 70 64 LULW 0.9 62. 2,180 3,940 106 
173 70 48 RUL 1.0 5/ 2,702 4,070 82 
53 67 59 LLL 1.0 60 2,018 4,592 109 
52 69 55 LUL 1.0 60 2,696 4,592 100 
59. 67 64 RUML 1.0 68 2,149 3,550 87 


330-day mortality. 
RLL = right lower lobe; LL sup seg = left lower lode superior segment; RLLRML = right lower lobe, right middle lobe; RPn 


= right pneumonectomy; LLLW = left lower lobe wedge; LUL = left upper lobe; RULW = right upper lobe wedge; LULW 
— left upper lobe wedge; RUML - right upper and middle lobes; other abbreviations same as for Table 1. 


Table 4. Patients Undergoing Pneumonectomy 


Patient Age Side of FEV, FEV, VC ve Postop. Postop. 


No. (yr) Operation FE Box, ss (%) (cc) (%) (cc) Pao, Paco, 
40 68 Left 0.7 55 1,650 74 3,270 54 29 
57 61 Right 0.8 67 1,440 60 2,570 59 41 
692 76 Left 1.2 67 2,062 76 3,077 87 43 
5 49 Left 1.2 67 2,294 111 3,583 m "E 
8 58 Right LZ 71 3,219 91 4,693 46 37 
2 49 Right 1.7 66 3,055 110 4,883 107 26 
20 45 Right 1.8 68 3,210 92 4,722 65 34 
74 48 Left 1.8 72 2,696 84 3,875 i5 4 T 
1 43 Left 1.9 73 2,452 73 3,359 48 37 
16 54 Right 2.0 66 2,996 109 4,600 70 30 
21 32 Left 2.0 82 1,949 48 Zor! 80 31 

9 61 Left 2 72 2,716 90 3770 82 40 
60 53 Left 2.4 83 2,324 80 2,800 75 40 


*90-day mortality. Patient was discharged 13 days after operation and died of metastatic carcinoma 53 days after operation. 
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Table 5. Ventilation Distribution for Patients with VC less than 80% of Predicted 


VAQ FEV, VC 

Patient Type of Distribution of 

No. Operation PHL %R Left Right Left Right Perfusion (Q) 

78 RUL : 42 58 603 832 1,381 1,907 More Q to RLL 
than RUL 

76 RUL 66 34 887 457 2,365 1,218 No Q to RUL 

36 LL sup seg 44 56 739 941 1,720 2,188 

19 RLLRML 53 47 960 852 1,882 2,123 

26 RUL 45 55 1,021 1,247 2,066 2:925 

40 LPn 30 70 495 1,155 985 2,292 WS 

77 RUL 55 45 870 712 1,827 1,494 Uniform Q on 
right side 

57 RPn 66 34 949 489 1,654 852 Decreased Q 
to RLL 

17 RUL 60 40 1,627 1,074 2,442 1,628 Little Q to RUL 


RUL = right upper lobe; LPn = left pneumonectomy; RPn = right pneumonectomy; RLLRML = right lower lobe, right 
middle lobe; LL sup seg = left lower lobe superior segment; V,/Q = veatilation/perfusion ratio; other abbreviations same 


as for Table 1. 


and 2,066 cc, respectively); and in 1 patient 
(Patient 78), the lobe to be resected was virtu- 
ally functionless, with essentially the total VC 
concentrated in the lobes that would remain. | 

None of these patients had an elevated 
Paco, after operation, and none required post- 
operative ventilatory support. However, 5 of 
the 7 patients with poorest function had 
epidural blocks for control of postoperative 
pain, and 1 of the other 2 had a Marcaine 
(bupivacaine) intercostal block. 

The average time these marginal patients 
spent in intensive care was 4 days (range, 1 to 
13 days). The 13-day patient had postoperative 
gastrointestinal hemorrhage. The average dura- 
tion of chest-tube drainage was 11 days for the 
whole group, although 1 patient required 60 
days and another, 29 days. If these patients are 
excluded, the average duration of chest-tube 
drainage was 7 days (range, 2 to 19 days). Em- 
pyema and persistent bronchopleural fistula 
developed in 1 patient (Patient 17), who died 
following open thoracotomy drainage. 

Only 2 patients in the marginal group had 
30-day or hospital mortalities. The other hospi- 
tal mortalities occurred in patients with ade- 
quate pulmonary function (see Table 2). 


Comment 
This retrospective study was undertaken to as- 
sess the mortality and morbidity of patients 


with known, limited respiratory reserve who 
have undergone pulmonary resection for car- 
cinoma of the lung. Since the number of pa- 
tients is relatively small, our 40-day mortality of 
4 out of 49 patients (896) may have limited im- 
port. However, our use of the two groups— 
adequate pulmonary function (FEE, ;, > 1.0 
liter per second and FEV, > 60% of VC) and 
marginel pulmonary function (FEF,;.7, = 1.0 
liter per second and FEV, < 70%)—did allow us 
to make more detailed observations. (1) Two of 
the deaths (Patients 18 and 38) occurred in the 
adequate functional group and resulted from 
causes unrelated to the degree of pulmonary 
disability (see Table 2). (2) Two of the patients 
in the marginal functional group had a 30-day 
mortality (Patients 17 and 86); death in 1 (Pa- 
tient 86; was unrelated to the functional status 


(see Table 3). (3) There were no 30-day mor- 


talities in the 13 patients undergoing pneu- 
monectcmy (see Table 4). (4) There were no 
30-day mortalities in 23 patients who were 
more than 60 years old and none in 6 patients 
more than 70 years old. 

Further analysis of the 22 patients in the 
group with marginal pulmonary function re- 
veals thet 10 had an FEF,, ;4, that was less than 
0.8 liter per second, indicating the presence of 
severe expiratory airflow obstruction. Of these 
10, 6 patients had values equal to or less than 
0.5 liter per second, indicating the presence of 


-— 
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extreme expiratory obstruction. The static lung 
volumes in these 22 patients show that all but 1 
had a VC greater than 70% of predicted; the 
mean VC for the group was 92 + 16%. For pa- 
tients with severe or extreme expiratory 
obstruction (FEF,, ;, < 0.8 liter per second), the 
mean VC was 88 + 10%. 

Patients with expiratory obstruction can be 
considered to fall into one of two categories: 
those in whom the degree of hyperinflation of 
residual volume has limited or reduced the VC, 
and those in whom the elevation of residual 
volume either is mild or is accompanied by an 
increase in total lung capacity resulting in a 
preservation of VC. Patients with limitation 
of both static and dynamic lung volumes 
should constitute a greater risk to operation. 
The eood survivorship in our patients may be due 
to the fact that despite major obstructive disease of 
the airways, VC in general was preserved. 

Reports in the literature attempt to assess 
the combined presence of airway obstruction 
and limitation of VC by measuring MVV [3, 9]. 
Because this measurement is highly dependent 
on motivation and patient cooperation, it is 
hard to reproduce. In this study we did not 
measure MVV directly, but for purposes of 
comparison we calculated an indirect MVV (in- 
direct MVV = 40 x FEV, ;;) [2]. An MVV greater 
than 55% is considered by most authors to be 
evidence of an adequate level of pulmonary 
function to permit pulmonary resection. All our 
22 patients had indirect MVV values higher 
than 55%. 

Acceptable screening values do not provide 
adequate evidence of the feasibility of pulmo- 
nary resection. In some patients, it is essential 
to have knowledge of the topographic localiza- 
tion of that function in addition to static and 
dynamic lung volumes. By using xenon ven- 
tilation/perfusion scintophotography to deter- 
mine split function (i.e., the portion of FEV, 
and VC going to various areas of the lungs), this 
information can be provided (see Table 5). 

Roentgenograms and scans from 3 select pa- 
tients demonstrate the utility of such a topo- 
graphic analysis. Figure 1 is an example of a 
patient with lesion in the left upper lobe, with 
apparent bullous disease in other lobes. V,/Q 
scans showed 63% function going to the left 
lung, principally the upper lobe, the site of the 





| 


Fig 1. Posteroanterior chest roentgenogram of a patient 
with poor pulmonary function and a carcinoma in the 
left upper lobe. Partition of perfusion was 33% to the 
right and 67% to the left, which indicated that resection 
on the left side was not advisable. 





Fig 2. Posteroanterior chest roentgenogram of Patient 


E 
p P a 


carcinoma. This is the type of patient for whom 
Operation was not advised. Figure 2 is a roent- 
genogram of Patient 57. This patient illustrates 
the role of V4/O scanning (Fig 3) in defining a 
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Fig 3. Technetium perfusion scan, posterior view, in 
Patient 57. Partition of perfusion was 66% to the left 
and 34% to the right. VC was 2,506 cc (calculated VC 
on the left side was 1,654 cc and on the right side, 852 
cc). The patient underwent right pneumonectomy. The 
scan identified this patient as being operable; the re- 
sected lung had less function and the remaining lune 
could provide adequate postoperative VC. 


safe resection for a patient who required 
pneumonectomy. He had an overall VC of 60% 
of predicted and a FEF,, ;, of 0.8, but 66% of 
function was in the left lung, the lung that 
would remain after resection (a calculated left 
FEV, of 949 cc and a left-sided VC of 1,654). This 
patient underwent pneumonectomy without 
incident. Figure 4 is a perfusion scan from Pa- 
tient 78, with a right upper lobe carcinoma and 
marginal pulmonary function. Topographical 
analysis indicated that 42% of the perfusion 
was to the left lung, and 58% was to the side in 
which resection would be undertaken. How- 
ever, almost all the perfusion to the right lung 
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was in the lower lobe. Right upper lobectomy 
was carried out without complication, but 
pneumonectomy would probably have resulted 
in respiratory insufficiency. Ventilation/per- 
fusion scans not only define lobar distribu- 
tion of ventilation and perfusion but also the 
split between the right and left lungs. 

It is the standard practice of our hospital's 
attending staff to recommend bronchodilator 
medication, cessation of smoking, and respi- 
ratory therapy (intermittent positive-pressure 
breathing, ultrasonic mist, and postural drain- 
age) in all patients with moderate to severe 
obstructive lung disease prior to pulmonary re- 
section. Our success in persuading this group 
of patients to refrain from smoking for a mean- 
ingful period before operation was limited. In 
addition, our retrospective review indicated 
that pulmonary therapy was actually carried out 
in less than 50% of the patients in whom it was 
indicated. Whether mortality, number of respi- 
ratory complications, or days of hospitalization 
would have been reduced further had all pa- 


— 


257 Peters, Clausen, and Tisi: Extending Resectability for Carcinoma of the Lung 





Fig 4. Posterior view of technetium perfusion scan in 
Patient 78. Partititon of perfusion was 58% to the right 
and 42% to the left. VC was 3,288 cc (calculated VC on 
the right side was 1,907 cc and on the left side, 1,381 
cc). In this patient, the scan indicated there was pre- 
dominant function on the right side. The patient was 
not a candidate for right pneumonectomy since the cal- 
culated VC on the left side was inadequate. However, 
since the perfusion on the right side was predominantly 
to the lower lobe, the scan predicted that the right 
upper lobe could be resected without major loss of func- 
tion. 


tients received optimal preoperative therapy 
cannot be ascertained from this study. 

Previous studies [11, 15] indicated that high- 
risk factors for pulmonary resection include old 
age, chronic obstructive lung disease, and the 
need for pneumonectomy. Reported surgical 
mortality in elderly patients ranges widely: 
36% [3], 21% [16], 14% [7], and as low as 8% 
[4]. Recently, Olsen and co-workers [9] re- 
viewed a series of patients with compromised 
pulmonary function and noted an overall opera- 
tive mortality of 20% (6 patients out of 30); 
the mortality was 29% in those undergoing 
pneumonectomy. Two-thirds of the mortalities 
were from respiratory insufficiency. The patient 
population included elderly patients and those 
with moderate to severe obstructive lung dis- 
ease. Their conclusions regarding indications 
for successful resection included a preoperative 
MVV more than 50% of predicted and a derived 
postoperative FEV, calculated from preopera- 
tive radionucleotide scans and spirometry of 
greater than 800 cc. 


Reported mortality for patients undergoing 
pneumonectomy also varies: 26% [11], 17% 
[15], 15% [14], and 7% [6]. Mortality for right- 
sided pneumonectomy is usually appreciably 
higher than that for left-sided pneumonectomy 
[15]. Didoklar and co-workers [3] had no 
mortalities in 9 patients more than 70 years 
old, all of whom preoperatively had normal 
electrocardiograms and MMV more than 
59% of predicted. In our series, 13 of the 49 
patients. underwent pneumonectomy. There 
were no operative mortalities and only one 
90-day mortality, a 74-year-old man. Four of 
the pneumonectomy patients were more than 
60 years old, and 2 of them were the only 
ones with marginal pulmonary function. None 
of these patients had pulmonary insufficiency 
after operation. 

In addition to patient selection, there are im- 
portant intraoperative and postoperative mea- 
sures that may have contributed to the low mor- 
tality we obtained. In the majority of the proce- 
dures the Robertshaw double-lumen tube was 
used. It avoids retraction on the overexpanded 
lungs and permits a faster, more precise opera- 
tive technique. 

We advocate the use of staples to close the 
bronchi and believe this contributed to there 
being only 1 patient with empyema in this se- 
ries. In patients with limited function, it is im- 
portant to divide carefully incomplete fissures 
with judicious use of the stapler to avoid limit- 
ing the ability of the remaining lung to reex- 
pand. We agree with Kirsh and associates [6] 
that vigorous endotracheal suction is essential 
early in the postoperative period and that it can 
be discontinued when the pleural air space 
stabilizes. 

When prolonged air leak is present, the chest 
bottles should be put in a cart and the patient 
taught to walk without assistance from the staff. 
This practice encourages cough and deep 
breathing. Blow bottles are superior to incentive 
spirometers because they cause the patient to 
do a Valsalva maneuver and raise pleural pres- 
sure above atmospheric pressure, thus evacu- 
ating the pneumothorax. Incentive spirometry, 
on the other hand, lowers intrathoracic pres- 
sure and tends to increase the air space. We 
avoid procedures that limit thoracic volume 
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because they also limit efficiency of chest wall 
function. Prolonged leaks try the patience of the 
physician and the patient but, if they are small, 
they will close with time. We assess the size by 
the amount of negative pressure (the rise of 
fluid in the waterseal tube) possible with 
deep inhalation. If the patient can take a deep 
breath and the pressure rises above 15 cm of 
H,O, the leak is small. 

In their discussion of postoperative complica- 
tions, Kirsh and associates [6] suggest criteria 
for the use of a ventilator in postoperative pa- 
tients. Although we consider the criteria rea- 
sonable, we suggest that high respiratory rate, 
low VC, low tidal volume, elevation of Paco,, 
and depression of Pao, are often not caused by 
pulmonary dysfunction but by chest-wall pain. 
If narcotics are used to control this pain in pa- 
tients with chronic obstructive airway disease, 
central depression increases the degree of respi- 
ratory acidosis. If pain is effectively controlled 
by local analgesia, such as epidural block [12], 
respiratory insufficiency can often be avoided. 
We believe this technique permitted us to avoid 
the use of ventilators in our patients. Early re- 
sumption of spontaneous ventilation increases 
the likelihood that the respiratory muscles will 
maintain optimum efficiency and the strength 
necessary for maximum function of the com- 
promised lungs. 

Differences in patient populations; preopera- 
tive, intraoperative, and postoperative man- 
agement; and the numbers of patients in this 
and other series make it difficult to draw mean- 
ingful conclusions from comparisons of re- 
ported mortality. Nevertheless, because of the 
numerous series that have shown relatively 
high mortality in association with the risk fac- 
tors of old age, chronic obstructive pulmonary 
disease, and extensive resection, the experi- 
ence, as reported in this series, is important 
because it emphasizes that acceptably low 
operative mortality can be achieved despite the 
presence of the risk factors already discussed. 
We believe the important elements in success- 
ful pulmonary resection in this type of patient 
to be the following: (1) careful preoperative 
functional evaluation including not only dy- 
namic flow factors but also measurement of 
static lung volume (VC greater than 70 to 8096 


of predicted) and, when indicated in marginal 
patients, the characterization of topograph- 
ical function from ventilation and perfusion 
scans; (2) intraoperative use of the Robertshaw 
double-lumen tube; (3) preservation of lung 
and chest-cage volume; and (4) local analgesia 
to control pain, making spontaneous ventila- 
tion effective by assuring that the respiratory 
muscles and chest cage maintain optimum ef- 
ficiency and strength to compensate for ineffi- 
cient lungs. 
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Discussion 

DR. L. PENFIELD FABER (Chicago, IL): It is always a 
pleasure to listen to a presentation by Dr. Peters re- 
garding the physiological aspects of chest surgery. I 
agree with his thesis that it is appropriate for us to 
make every attempt to extend our resectability for 
carcinoma of the lung because operation still remains 
the best chance for cure in these patients. More fre- 
quently, we are seeing elderly patients with a re- 
sectable lesion but who are marginal candidates 
for thoracotomy and resection. Physiological mea- 
surements that will help in the selection of patients 
for pulmonary resection are most welcome. 

We also concur with Dr. Peters’ premise that pre- 
operative pulmonary therapy and antibiotics, as in- 
dicated, are of major benefit to the patient who has 
impaired pulmonary function. We have used con- 
tinuous epidural anesthesia in only 1 patient. I 
wonder if this anesthesia can achieve wide ac- 
ceptance since some expertise is required to employ 
it and specialized care is necessary to administer it in 
the initial 48 hours. 

Dr. Peters’ presentation illustrates the need for 
conservation of pulmonary tissue, a principle that we 
certainly advocate. In the patient with Stage I lung 
cancer, segmental resection can be accomplished 
with low morbidity and mortality. 

At the Rush-Presbyterian-St. Luke’s Medical 
Center, our current data include 156 patients who 
have undergone curative segmental resection for 
bronchogenic carcinoma. Life-table analysis reveals a 
5-year survival of 59%. Operative mortality in this 
group was 2%. We recommend segmentectomy for 
lung cancer whenever possible in patients with 
Stage I disease and especially in the patient with im- 
paired function. I suggest that Dr. Peters’ patient 
who was turned down on the basis of impaired 
pulmonary function with a small peripheral lesion 
in the left upper lobe might very well have tolerated 
segmental resection. 

Dr. Peters defines the marginal function group as 
having a FEF,, ;, less than 1 liter per second and a 
FEV, less than 70%. Dr. Block reported that, physio- 
logically, a patient will tolerate a pneumonectomy if 
the FEV, is greater than 5096 and more than 2 liters, 
the MVV is greater than 5096 of predicted, and the 
ratio of residual volume to total lung capacity is less 
than 50%. One would then expect a patient with 
poorer function to be able to withstand a lobectomy 
or segmentectomy. Only 4 of Dr. Peters' patients 
could be considered marginal if we use Dr. Block's 
criteria. 


It would seem, therefore, that we need a more uni- 
form definition of marginal or impaired function. I 
hope that Dr. Peters will take his study one step fur- 
ther by evaluating and resecting more patients with a 
FEV, and MVV less than 5096. 

Last, would Dr. Peters please comment on the need 
for routine pulmonary function testing in all patients 
undergoing thoracotomy. 


DR. RAYMOND C. READ (Little Rock, AR): I enjoyed Dr. 
Peters' excellent presentation, and I want to comment 
on two aspects of the data. First, it could be argued 
that his thesis is obtained from a special population 
of people in sunny southern California, where there 
are many retirees. I, therefore, compared his data on 
age distribution with those from three other Veterans 
Hospitals: our own data from Little Rock, the Min- 
neapolis data (all pneumonectomy) reported in 1968, 
and the Houston data. His age population does not 
differ greatly from the distribution in these other 
hospitals. So I don't believe he is arguing from a 
specially aged population, and I think his informa- 
tion is widely applicable. 

Second, I believe that he is operating on a more 
difficult population from the point of view of ventila- 
tion data than we do at the Little Rock Veterans Ad- 
ministration Hospital. With regard to FEV,, all our 
data are from patients who underwent lobectomy or 
pneumonectomy, whereas some of his patients had 
wedge resections. The MMEF values we work with 
are better than his. As for mortality, his statistics for 
patients in the eighth decade (096) are certainly ex- 
ceptional, especially when compared with data from 
the other three hospitals. 

Dr. Peters has done a remarkable job convincing 
chest physicians to refer patients with ventilatory in- 
sufficiency for operation to remove the cancer. This 
is an excellent guide for us all. 


DR. JOHN HINES KENNEDY (Gates Mills, OH): I think 
Dr. Peters should be complimented for his study. 
Accepting the fact that certain degrees of pulmonary 
hypertension and right ventricular dysfunction may 
occur irregularly in patients with marginal ventila- 
tion, I wonder if Dr. Peters would like to comment on 
whether or not occasional catheterization of the right 
heart has been useful in these patients. 


DR. MARTIN BERGMANN (St. Louis MO): I would like 
to thank Dr. Peters for this fine paper and for calling 
to our attention the use of epidural anesthesia. We 
have adopted his technique and have found it ex- 
tremely useful in patients with borderline pulmonary 
function. 

Two other factors have helped us with these dif- 
ficult patients. First, the use of lateral pulmonary 
function tests may obviate the need for ventilation 
and perfusion scanning and give an indication of the 
functionally predominant side. The other factor is the 
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use of muscle-splitting thoracotomy incisions for 
most pulmonary resections. With the muscle- 
splitting incision, the surgeon can spare the latis- 
simus and, to a certain extent, the serratus muscles 
and maintain pulmonary function. 


DR. LEONARD SOLOMON (Bellmore, NY): If an anterior 
approach with an inframammary incision is used in- 
stead of a lateral approach, the patient’s postopera- 
tive course is easier. 

Also, these patients often have a continuous air 
leak. If a Heimlich chest drain valve is used, such a 
patient can walk without the need to be attached to 
any underwater drainage apparatus. 


DR. PETERS: First, in regard to the patient for whom 
we did not do a resection, I certainly agree with Dr. 
Faber about segmental resection, and I think we have 
underutilized it. However, this patient had had pre- 
vious thoracotomy on the side of the chest with the 
tumor, and we thought that he was not a candidate 
for segmental resection. 

As to the question of routine pulmonary function 
tests, I think it is very wrong to do these tests on all 
patients. It is important to start with a clinical his- 
tory. I have one major problem with many clinical 
histories. It could be defined as an absence of 
follow-through. For example, the history on a given 
patient may state that the patient has no dyspnea. 
However,there is nothing about whether the patient 
ever does anything that ought to result in dyspnea. I 
described in Hardy’s textbook my indications for es- 
calation of pulmonary function test sophistication so 
I won’t discuss them now. 


I think it is always hard in a retrospective study to 
cover all areas. Dr. Faber has made some very good 
points about the things that are lacking in this one, 
and we hope to start a prospective study. In this ret- 
rospective study, when we began looking at the data, 
we did not have a firm idea of exactly how we had 
chosen the patients. As we reviewed the data, we 
realized that the most important factor was to com- 
bine the VC with flow rates. When we had a low VC 
and a low flow rate, we had a patient that needed to 
be avoided because the procedure was not as suc- 
cessful with such a patient. 

I want to thank Dr. Read in particular. He has an- 
swered many of Dr. Faber’s points as well as I could. 
He has shown in his comparison that our patients 
did have poor functions compared with reports of 
others. Dr. Kennedy and Dr. Peabody asked about 
pulmonary artery pressure measurements. I think 
they are a valid and useful tool. We didn’t happen to 
use them in this study, but now since the Swan-Ganz 
catheter can be introduced easily, they will be used 
increasingly. The patient must be stressed to increase 
cardiac output to use this test properly. 

Regarding epidural blocks, I agree with Dr. Faber 
that sometimes it is necessary to push the anes- 
thesiolozist to insert the catheter. We do use the 
epidural block and continue to look for other meth- 
ods of local block. At our institution, the surgical 
residents give the later doses after the anes- 
thesiolozist has given the first dose. We strongly rec- 
ommend keeping the patient in an intensive care 
unit while epidural block is used because hypoten- 
sion can develop. This technique should not be used 
except for patients in whom the risk is justified in 
helping the pulmonary function. 
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because a heart-lung 
pack can be no more reliable 
than its tubing. 


Since the first by-pass procedure, Tygon 
surgical tubing has been the most widely 
chosen and trusted tubing to serve as the 
vital link between patient and pump. 


Tygon tubing has earned world-wide recogni- 
tion for undeviating adherence to excellence. 
Our rigid manufacturing standards, strict 
quality control and extensive testing and 
documentation have made Tygon tubing 
synonymous with good surgical procedure. 
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The dependability and assurance that Tygon 
tubing brings to your extra-corporeal proce- 
dures is available whether you use custom- 
made packs or prepare your own. Ask your 
supplier to include it throughout your sys- 
tem. For further information, call us toll-free 
800-321-9634 (Ohio call collect 216-630-9230). 
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The PAD Pulsatile Assist Device in use during open 
heart surgery. 
blood flow than conventional single- 
chamber balloons. 

But the System 80 doesn’t just offer a 
better balloon, it offers a safer balloon. It 
was the first system to use CO» instead of 
helium. And it continues to do so. (Helium 


The new PAD or an Intra- Aortic Balloon can be used 
with the System 80. 
The Datascope System 80 begins with 
1 better idea: a better balloon. It offers the 
xnly dual-chamber balloon* available in 
;xalloon pumping. Our dual-chamber bal- 
oon produces unidirectional blood flow 
which creates 66 to 100% more coronary 


can compromise the safety of a system. 
CO?» cannot.) 

The System 80 is a completely closed 
system. Our intra-aortic balloon connects 
to a slave balloon housed in a special 
safety chamber. So the maximum amount 
of gas that can enter the intra-aortic bal- 
loon is absolutely controlled. 

The System 80 is triggered by either 
ECG or by a pressure waveform. So it 
can operate without interference from 
electrosurgery. 

The System 80 is highly mobile. In 
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. Systems. And it will run 4 hours or more 
on batteries. Which is at least 4 times as 
long as other systems. 

Yet with all these advantages, the 
System 80 costs about 25% less than other 
systems. 

And the System 80 offers something 
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| PAD** is the 
first clinical device 
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pulsation and 
counterpulsation 
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the need of an intra-aortic balloon and the 
additional surgery required. 

PAD converts the continuous flow of 
the roller pump to pulsatile flow that can 
be synchronized with the heartbeat, or 
provides counterpulsation both before and 
after cardiopulmonary bypass: 

Clinical use of PAD has demonstrated 
a marked increase in urinary output and 
coronary graft blood flow: And it has 
shown a marked decrease in the peri- 
operative myocardial infarction rate’ 

All in all, the System 80 gives you a 
unique choice: a balloon pump that does a 
better job pumping, or the world's first 
Pulsatile Assist System. 

For more information on the System 
80 or on the revolutionary PAD write 
or call: 

Datascope Corp., Box 5-B, Paramus, 
N.J. 07652. (201) 265-8800. Or, 
Datascope B.V., Kyftenbeltlaan 6, 
Hoevelaken, Holland. Tel. 03495-4514. 
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HOW TO DO IT 


Improved Technique 


of Intraaortic Balloon Insertion 
Jonathan R. Merrill, M.D., David McClusky, M.D., 


and William D. Logan, Jr., M.D. 


ABSTRACT Routine insertion of an intraaortic bal- 
loon through the femoral artery may be difficult in 
the face of obstructive aortoiliac atherosclerosis. 
Perioperatively, the balloon catheter may be guided 
through diseased vessels by transabdominal palpa- 
tion. 


Intraaortic balloon counterpulsation has proved 
effective in salvaging patients with acute left 
ventricular failure subsequent to myocardial in- 
farction or cardiotomy and pulmonary bypass 
[6]. The technique of balloon catheter insertion 
through the femoral artery is familiar to the car- 
diac surgeon [3]. 

Occasionally, severe aortoiliac atherosclerosis 
prevents cannulation by conventional means 
[1]. Several cases of subintimal aortic dissection 
have been reported [1, 2]. We are aware of 1 
instance of perforation of the iliac artery follow- 
ing attempts to pass the balloon, and we sus- 
pect that others have observed this same com- 
plication. Wolfson and associates [7] failed in 17 
of 287 attempted cannulations because of the 
presence of severe peripheral vascular disease. 
For those 17 difficult patients they employed a 
modified balloon with an extra central lumen 
for guidewire placement and contrast injection 
using fluoroscopy to navigate tortuous vessels. 
Ascending aortotomy has been advocated when 
groin entry is unsuccessful [4, 5]. 

A more simple maneuver was suggested by 
one of us (J. R. M.) and has been used with 
success in 2 patients requiring intraaortic bal- 
loon insertion immediately following cardiac 
surgery. If resistance or obstruction to the 
catheter is encountered at the iliac or lower ab- 
dominal aortic area, the peritoneum is opened 
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The balloon catheter is guided by palpation transabdom- 
inally with access through the inferior aspect of the me- 
dian sternotomy incision. 


at the inferior aspect of the sternotomy expo- 
sure. The surgeon can insert one hand into the 
peritoneal cavity and palpate the aortoiliac area 
directly. With this bimanual method, one hand 
advances the catheter while the other guides it 
through the diseased vessel (Figure). 

This technique probably cannot be used in 
patients with numerous intraperitoneal adhe- 
sions who have had previous abdominal sur- 
gery. The technique presented here has been 
successful in the 2 patients in whom it was 
used. It adds little time to the procedure and 
does not contribute to morbidity. 


261 0003-4975/78/0026-0313$01.00 © 1978 by Jonathan R. Merrill 


262 The Annals of Thoracic Surgery Vol 26 No 3 September 1978 


References 


1. 


Cleveland JC, Lefemine AA, Madoff I, et al: The 
role of intra-aortic balloon counterpulsation in pa- 
tients undergoing cardiac operations. Ann Thorac 
Surg 20:652, 1975 


. Duckman WB, Leinback RC, Buckley MJ, et al: 


Clinical and hemodynamic results of intra-aortic 
balloon pumping and surgery for cardiogenic 
shock. Circulation 46:465, 1972 


. Kantrowitz A, Phillips SJ, Butner AN, et al: Tech- 


nique of femoral artery cannulation for phase-shift 
balloon pumping. J Thorac Cardiovasc Surg 56:219, 
1968 


. Krause AH, Jr, Bigelow JC, Page US: Transthoracic 


intraaortic balloon cannulation to avoid repeat 
sternotomy for removal. Ànn Thorac Surg 21:562, 
1976 


. Shirkey AL, Loughridge BP, Lain KC: Insertion of 


the intraaortic balloon through the aortic arch. Ann 
Thorac Surg 21:560, 1976 


. Webb WR: Intraaortic balloon pumping. Ann 


Thorac Surg 21:571, 1976 


. Woltson S, Geha AS, Graeme LH, et al: Preliminary 


report: modification of intraaortic balloon for pres- 
sure measurement, contrast injection and guide- 
wire passage (abstract). Am J Cardiol 39:260, 1977 














Transverse Femoral Arteriotomy 
for Intraaortic Balloon Insertion 


Douglas D. Payne, M.D., David H. Sewell, M.D., Joseph J. Amato, M.D., 
Philip A. Faraci, M.D., Harold F. Rheinlander, M.D., and Richard J. Cleveland, M.D. 


ABSTRACT A technique for intraaortic balloon 
placement employing a transverse femoral ar- 
teriotomy is described. After balloon removal, the 
arteriotomy can be closed primarily. Avoidance of 
retained graft material or use of a vein patch reduces 
the likelihood of vascular complications. 


Intraaortic balloon counterpulsation has been 
generally accepted as one adjunct in the treat- 
ment of cardiogenic shock secondary to myo- 
cardial infarction, preinfarction angina, and the 
low cardiac output state following surgical 
treatment of coronary and valvular heart dis- 
ease. Since such patients are often in a precari- 
ous condition, every effort should be made to 
minimize local complications related to the use 
of the intraaortic device. 

A longitudinal arteriotomy was used for in- 
traaortic balloon catheter insertion in 101 con- 
secutive patients requiring such support. How- 
ever, after removal of the balloon, direct closure 
of the arteriotomy was not feasible because of 
narrowing of the arterial lumen. In these situa- 
tions, there are two standard alternatives: 
either to oversew the synthetic graft, leaving 
foreign material in the wound, or to repair the 
femoral artery with an onlay autogenous vein 
patch. These groin wounds have an increased 
susceptibility to infection because of the pro- 
longed presence of the balloon catheter. Neither 
vein patch arterial closure nor retained foreign 
graft withstand infection well, and aneurysm 
formation or serious hemorrhage may result. 
Because of these hazards, we have adopted a 
transverse arteriotomy with primary closure 
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and consider it a safer alternative for balloon 
placement. Although passage of the balloon 
catheter often causes local trauma to the femoral 
artery, it has been possible to close the ar- 
teriotomy primarily without stenosis or other 
vascular complications. 


Method 
The common femoral artery is exposed through 
a vertical skin incision, and local control is ob- 
tained with tourniquets. A transverse ar- 
teriotomy is performed that includes the an- 
terior half of the circumference of the vessel 
(Figure, 1). The vessel should be opened wide 
so that it is not torn by trying to force a balloon 
catheter through a small opening. A 10 mm 
woven Dacron graft segment is cut with a dou- 
ble bevel (Figure, 2) and slipped over the cathe- 
ter. After the balloon has been introduced, the 
graft is placed over the artery with a beveled 
point at each end of the arteriotomy. The graft 
is attached to the arteriotomy using 5-0 poly- 
propylene starting with a horizontal mattress su- 
ture that secures one beveled corner of the graft 
to one end of the arteriotomy (Figure, 3). The 
caudad suture line should be done first since it 
is more difficult (Figure, 4). Upward traction on 
the balloon catheter facilitates exposure of this 
suture line. The line can be continued around 
the opposite corner and brought to the middle 
of the cephalad lip of the vessel (Figure, 5). The 
other end of the mattress suture is then used to 
complete the cephalad suture line (Figure, 6). 
The graft anastomosis with this technique is 
somewhat more difficult than with a longitudi- 
nal arteriotomy. However, the closure is quite 
simple. After removal of the balloon catheter, 
vascular clamps are placed proximally and dis- 
tally on the common femoral artery. Any inti- 
mal flaps are tacked down with mattress sutures 
tied outside the vessel. A Fogarty catheter is 
passed cephalad and caudad to remove any re- 
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(1) Transverse femoral arteriotomy. (2) Beveling 

of Dacron graft. A and B are the two beveled points. 
(3) Suture line begins at one corner of arteriotomy. 
(4) Caudad portion of suture line is performed first. 
(5—6) Suture line completed along cephalad border. 
(7) Completed arteriotomy closure. 


sidual clots. Regional heparinization of the dis- 
tal vessel may then be used during closure. The 
vessel is closed with a single layer of 5-0 poly- 
propylene, and, after irrigation with antibiot- 
ic solution, the wound is closed primarily (Fig- 
ure, 7). 





Comment 


From January 1, 1976, to July 31, 1977, 40 pa- 
tients underwent balloon placement through a 
transverse arteriotomy. In 39 of them the 
femoral artery was closed primarily. In 1, the 
graft was oversewn because of severe athero- 
sclerosis of the femoral artery. In 3 patients 
superficial wound infections developed; the ar- 
teriotomies were not infected, and the wounds 
healed without incident. One patient had a 
groin wound infection four days after the bal- 
loon was inserted. The catheter was removed 
and the arteriotomy was closed primarily. The 
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wound was irrigated with povidone-iodine so- 
lution. The subcutaneous tissue was closed 


over the artery, and the skin was left open. The 
incision healed by secondary intention without 
vascular complications. 

During this same period, balloon passage in 6 
patients was unsuccessful through 1 or both 
femoral arteries because of aortoiliac disease. 
Our previous experience had indicated that the 
arterial trauma caused by attempted balloon 
placement through a longitudinal arteriotomy 





frequently precluded direct closure without 
stenosis. In the past, vein patch closure had 
been required. However, in these 6 patients 
transverse arteriotomy was particularly useful 
in allowing primary arterial closure without 
stenosis. 

The transverse arteriotomy is a simple, reli- 
able approach for intraaortic balloon insertion. 
Closure is rapid and is less likely to result in 
complications than previous methods of arterial 
repair. 


A Simple Method for Exposing 


the External Jugul 


ar Vein for Placement 


of a Permanent Transvenous Pacing Catheter Electrode 


R. Leonard Kemler, M.D. 


ABSTRACT A method is presented for cannulating 
the external jugular vein and implanting a pace- 
maker through one incision. No increase in mor- 
bidity over the conventional methods has been dem- 
onstrated. This technique is an attractive alternative 
to the standard methods in use. 
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Despite the emergence of the sutureless myo- 
cardial electrode, transvenous electrode place- 
ment through the right or left cephalic vein re- 
mains the preferred method of most surgeons 
[1, 3, 4]. Unfortunately, in some instances, the 
cephalic vein cannot be employed because of 
small size or mutilation. Alternative veins in 
order of preference are the external jugular, the 
subclavian, the internal jugular, or the femoral 
vein. 


Fig 1. Standard incision for cannulation and pulse 
generator placement. The flap is elevated over the 
clavicle to expose the external jugular vein. 


pacemaker 
pouch 
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The use of these alternative veins, however, 
does pose problems. Using the subclavian vein 
involves a deep dissection with the possibility 
of postoperative temporary or permanent swell- 
ing of the arm. In addition, subsequent reposi- 
tioning may be difficult. With either the exter- 
nal or internal jugular vein, a second incision is 
required in the neck with tunneling dissections 
and difficulty in repositioning. Thrombosis of 
the internal jugular vein can produce serious 
consequences [2]. With the femoral vein, not 
only is a separate incision required, but drap- 
ing and preparing the patient for operation are 
more difficult. An extra-long catheter electrode 
is necessary, which is not always readily avail- 
able. 


Fig 2. Completed permanent pacemaker implantation. 


All these problems can be avoided by expos- 
ing the usually large and ever-present external 
jugular vein through a standard subclavicular 
incision. 


Method 

The patient is placed in the usual supine posi- 
tion. The location of the external jugular vein 
just above the clavicle is noted, and, using local 
anesthesia, a subclavicular incision is made. If 
the cephalic vein is not suitable, a skin and 
subcutaneous flap is raised over the clavicle in 
the area of the previously noted external jugular 
vein, and the vein is freed beneath the platysma 
(Fig 1). Then the catheter electrode is inserted, 
positioned, and tested. It is connected to a 
pulse generator and implanted in the usual 
subcutaneous pocket (Fig 2). 





/ransvenous electrode 
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Comment 

| have used this method in 53 patients during 
the past 2*2 years and have had no difficulty in 
locating the external jugular vein or positioning 
the catheter. None of the 53 patients has had 
any infection. At the present time, unless the 
cephalic vein can be located immediately and is 
usable, | employ this approach. 

The technique has two possible drawbacks. It 
was postulated that placing the catheter elec- 
trode over the clavicle might cause erosion 
problems. In no patient has this occurred. Also, 
it was thought that should repositioning of the 
electrode be necessary, there could be prob- 
lems. However, in the 2 early and 1 late (two 
months) instances in which repositioning was 
done, no difficulties have been encountered. 

Based on my experience with this method, I 


recommend it either as a primary venous access 
route tc the heart or as the first secondary route 
should a cephalic vein not be available. 
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CASE REPORT 


Ventricular Pseudoaneurysm after Transaortic . 
Septal Myotomy for Hypertrophic Subaortic Stenosis 


Thomas L. Spray, M.D., Wayne M. Derkac, M.D., Andrew G. Morrow, MD., 


and William C. Roberts, M.D. 


ABSTRACT Clinical and morphological features 
are described in a man in whom a pseudoaneurysm 
arising from the ventricular septum developed after 
transaortic septotomy for hypertrophic subaortic 
stenosis. Pseudoaneurysm of the left ventricle or 
ventricular septum has not been described previ- 
ously in a patient with hypertrophic cardiomyopathy 
in whom only the transaortic approach was utilized 
for septotomy or septectomy or both. In addition, no 
previous studies have reported pseudoaneurysm 
arising from the ventricular septum. 


Pseudoaneurysm of the heart results from rup- 
ture of the myocardial wall but containment of 
the intracardiac contents by thrombus or 
pericardium or both [1, 5, 10, 14]. Although 
most cardiac pseudoaneurysms result from 
acute transmural myocardial infarction from 
coronary atherosclerosis, operative ven- 
triculotomy also is a cause [2, 5, 11, 13]. 
Pseudoaneurysm has been reported after sep- 
totomy and septectomy in patients with hyper- 
trophic obstructive cardiomyopathy [4, 8, 12, 
16], but all these cases occurred at sites of inci- 
sion into left ventricular free wall. This report 
describes a patient in whom pseudoaneurysm 
arose from the ventricular septum after trans- 
aortic septotomy only. 


A 54-year-old man was found to have a precor- 
dial murmur when he was 34 years old, and 
exertional fatigue, dyspnea, and palpitations 
when he was 42. In June, 1973, when he was 50 
years old, catheterization disclosed a 10 mm Hg 
peak systolic pressure difference at rest be- 
tween the aorta and left ventricle; this gradient 
was 30 mm Hg with exercise and 100 mm Hg 
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after the administration of isoproterenol. Ten 
months later, despite propranolol therapy, pre- 
syncope and angina pectoris appeared, and re- 
peat catheterization disclosed a peak systolic 
pressure gradient between the left ventricle and 
systemic artery of 50 mm Hg at rest, 68 mm 
Hg with exercise, and 75 mm Hg after iso- 
proterenol. Mild mitral regurgitation but no 
aortic regurgitation was noted on cineangiog- 
raphy, and the left ventricle contracted vigor- 
ously. The coronary arteries were normal on 
cineangiogram. 

Because of worsening symptoms, the patient 
underwent ventricular septotomy in March, 
1975. The procedure consisted of an incision 5 
mm deep into the ventricular septum at a site 
continuous with the junction between the right 
and left aortic valve cusps, after which the slit 
was widened by finger fracture. No systolic 
pressure gradient between left ventricle and 
aorta was present immediately after this proce- 
dure. When the patient was coming off car- 
diopulmonary bypass, however, the heart di- 
lated and aortic regurgitation was noted. A 
regurgitant aortic murmur also was heard post- 
operatively. In the early postoperative period 
the patient had evidence of congestive cardiac 
failure, which persisted despite digitalis, 
furosemide, and propranolol. 

By February, 1976, he was in New York Heart 
Association Functional Class IV because of 
dyspnea, palpitations, dizziness, and angina. 
Repeat catheterization in March, 1976, showed 
a left ventricular end-diastolic pressure of 40 
mm Hg and no systolic pressure gradient in the 
left ventricular outflow tract. Cineangiograms 
revealed severe aortic regurgitation, mild mitral 
regurgitation, and an aneurysm in the ventricu- 
lar septum extending from approximately 1 cm 
below the aortic valve laterally toward the left 
margin of the heart. 

The patient was referred to the National 
Heart Institute in July, 1976. Blood pressure was 


269 0003-4975/78/0026-0316$01.00 © 1978 by Thomas L. Spray 


270 The Annals of Thoracic Surgery Vol 26 No 3 September 1978 





Fig 1. (A) Chest roentgenogram reveals a bulge along 
the left lateral border, which represents the 
pseudoaneurysm. (B) Left ventricular angiogram, an- 
teroposterior view, showing the pseudoaneurysm (out- 
lined by the white arrows). Its bilocularity is apparent. 


160/75 mm Hg. A loud S, murmur was heard. A 
grade 2/6 midsystolic murmur was audible over 
the right lung base, radiating to the neck, and it 
was unchanged with maneuvers. A grade 3/6 
high-pitched, decrescendo murmur also was 
present at the right lung base, radiating to the 
left sternal border and to the apex. A grade 2/6 
midsystolic, medium-pitched murmur was pres- 
ent at the apex and radiated to the left axilla 
and back. A chest roentgenogram (Fig 1) re- 
vealed thoracic scoliosis, borderline cardio- 
megaly, and protrusion of the left heart border. 
The electrocardiogram showed left atrial en- 
largement, sinus rhythm, left ventricular hyper- 
trophy, and depressed S-T segments (Fig 2). 
Cineangiocardiography demonstrated an aneu- 
rysm arising from the ventricular septum and 
3+/4+ aortic regurgitation. 

In August, 1976, the second operation was 
performed. The aortic valve was tricuspid, and 
the leaflets were thickened by fibrous tissue 
(Fig 3). No leaflet was torn. The mouth of the 
aneurysm was a small circular opening in the 
endocardium of the ventricular septum located 
about 1 cm below the base of the cusps in a 
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Fig 2. Electrocardiogram showing depression of the S-T 
segments in several leads. 


plane below the junction of the left and right 
coronary leaflets. Aortic valve replacement (size 
9A 2320 Starr-Edwards prosthesis) was per- 
formed, and the mouth of the left ventricular 
aneurysm was closed by passing reinforced su- 
tures through the inferior margin of the open- 
ing and then through the aortic “annulus” 
and into the sewing ring of the prosthesis. At 
the end of the procedure, no gradient was pres- 
ent between the left ventricle and aorta either 
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Fig 3. The heart as it appeared at the second operation, 
during which the mouth of the aneurysm was closed and 
the incompetent aortic valve was replaced. Exteriorly 
the aneurysm was located between the left anterior de- 
scending and first diagonal coronary arteries. In the 
view on the right, the mouth of the aneurysm is seen to 
arise just beneath the aortic valve, and the aneurysm 
involves both the ventricular septum and left ventricu- 
lar free wall. 


at rest or after induced premature ventricular 
contractions. 

The patient did well for the first few months 
following operation, and he received warfarin 
daily. Suddenly, in November, 1976, he had a 
stroke, presumably due to a cerebral embolus. 
Cerebral infarction was confirmed by EMI 
scanning. The patient’s neurological status 
rapidly deteriorated, and he died. 

At postmortem examination, the heart, 
which had been opened elsewhere, weighed 
450 gm. The parietal pericardium was ev- 
erywhere adherent to the epicardium. The 
mitral valve leaflets were mildly thickened by 
fibrous tissue. The left ventricular cavity was of 
normal size. The ventricular septum measured 


up to 2.0 cm in thickness and the free wall of left 
ventricle, up to 2.4 cm in thickness. A fibrous 
endocardial plaque was present on the ventricu- 
lar septum in apposition to the anterior mitral 
leaflet. Other than focal fibrosis of the tips of 
the papillary muscles, no areas of myocardial 
fibrosis or necrosis were noted. The aortic valve 
prosthesis was well seated around its circum- 
ference; two of its struts contacted aortic in- 
tima; the ball did not move freely in the cage 
due to thrombus along one of the struts; throm- 
bus also was present in the primary orifice. 
About 1 cm below the base of the aortic valve 
prosthesis, the mouth of an aneurysm was al- 
most obliterated by sutures. The opening into it 
was approximately 3 mm wide, and it com- 
municated with a bilocular false aneurysm over 
the anterolateral portion of left ventricle (Fig 4). 
Near the mouth, the aneurysm measured ap- 
proximately 1 cm in width and at the lateral 
border of the heart, approximately 3 cm in 
largest diameter. Histological sections of the 
aneurysm showed that the wall consisted of 
fibrous tissue without myocardial fibers. Fibrin 
clot lined the aneurysmal cavity. 
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Fig 4. Longitudinal cuts of ventricular septum (VS) 
showing the aneurysm (An) which has a bilocular ap- 
pearance and contains thrombus. The photomicrograph 
on the right reveals the absence of myocardial fibers in 
the aneurysm, which is located just beneath epicardium 
(Epi). (FP = proliferated fibrous tissue, which lines the 
aneurysm.) 


Comment 

The diagnosis of pseudoaneurysm of the heart 
is suggested by angiography when the orifice of 
the aneurysm is small in comparison to the 
diameter of the aneurysm itself [10, 14]. The 
"true" ventricular aneurysm, in contrast, has a 
mouth about as large as the aneurysm itself. 
Diagnosis of pseudoaneurysm is confirmed by 
the finding of no myocardial fibers in the wall of 
the aneurysm. Most commonly, the wall of 
the pseudoaneurysm is formed by organizing 
thrombus or by parietal pericardium or both. 
Recently, Davidson and associates [1] collected 
67 cases of morphologically confirmed pseu- 
doaneurysm of the left ventricle. The most 
common cause was transmural myocardial in- 
farction with cardiac rupture, followed by car- 
diac operation during which an incision was 
made in the left ventricular wall. Trauma and 
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congenital malformations are other causes of 
pseudoaneurysm of the left ventricle [3, 6, 7, 9, 
151. 

The development of pseudoaneurysm in the 
left ventricle in patients with hypertrophic car- 
diomyopathy apparently has been infrequent. 
Kelly and associates [4] reported a patient in 
whom a small pseudoaneurysm developed at 
the apical ventriculotomy site after septal myec- 
tomy for hypertrophic cardiomyopathy. The 
aneurysm was excised 18 months after opera- 
tion. A similar patient was described by Lil- 
lehei and associates [8]; five years after the ini- 
tial myectomy, the pseudoaneurysm was ex- 
cised. Wychulis and associates [16] described 3 
patients with hypertrophic cardiomyopathy 
who had left ventricular pseudoaneurysm after 
ventriculotomy. In all 3, portions of the hyper- 
trophic muscle in the cephalad portion of the 
ventricular septum were resected through an 
apical ventriculotomy. The ventriculotomy site 
was the origin of the pseudoaneurysm in each 
patient. In a recent follow-up study of patients 
who had undergone left ventricular septotomy 
and septectomy for hypertrophic subaortic 
stenosis, Tajik and associates [12] described the 
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development of a left ventricular aneurysm in 3 
of 43 patients. A combined transaortic and 
transventricular approach was used to resect 
the ventricular septal myocardium in all 3 pa- 
tients. In none of the 21 patients operated on by 
the transaortic approach alone did ventricular 
septal aneurysm develop. 

Development of pseudoaneurysm of the left 
ventricle has not been previously reported in a 
patient with obstructive cardiomyopathy in 
whom only the transaortic approach to the ven- 
tricular septum was used. In addition, no pre- 
vious reports have appeared describing a 
pseudoaneurysm arising from the ventricular 
septum. In the present patient, the initial oper- 
ative procedure for relief of obstruction caused 
by hypertrophic cardiomyopathy was per- 
formed by the transaortic route and a septal 
myotomy without myectomy was done. Rup- 
ture of the heart through the ventricular septum 
and to the surface of the left ventricle appar- 
ently was the result of delayed dissection of 
blood through the septotomy incision. The de- 
layed cardiac rupture, therefore, was contained 
by the epicardium, which was reinforced by the 
adherent parietal pericardium. 

Previous reports have suggested that rupture 
of left ventricular pseudoaneurysm is much 
more common than rupture of true aneurysm of 
the heart [1, 14]. Davidson and associates [14] in 
their review of 67 patients with left ventricular 
pseudoaneurysm noted that 11 of 35 patients 
who did not have operative repair of the 
pseudoaneurysm experienced cardiac rupture 
and died, whereas operation was successful in 
26 of 32 patients treated surgically. In the pa- 
tient reported here, the bilocular nature of the 
pseudoaneurysm suggests that rupture of an 
earlier pseudoaneurysm with formation of a 
new chamber may have occurred. 
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COLLECTIVE REVIEW 


Carcinoma of the Esophagus 


Ramon A. Cukingnan, M.D., and Joseph 5. Carey, M.D. 


ABSTRACT Carcinoma of the esophagus continues 

to have a low 5-year cure rate despite advances in 
radical surgery and super-voltage radiation. Neither 
patient education nor newer diagnostic techniques 
have improved survival. The reported operative 
mortality is 4 to 30% for esophagogastrostomy and 
10 to 44% for colon interposition. Average survival 
time with surgery is 11 to 28 months and 5 to 11 
months with irradiation. Local recurrence is high (33 
to 76%) with irradiation. The reported 5-year survi- 
val rate with preoperative irradiation followed by 
surgery is higher (14 to 25%). | 

Recent reports have concentrated on improving 
functional rehabilitation rather than improving cure 
rates. Palliative surgery is more acceptable because 
of lowered operative morbidity and mortality and 
the high complication rate with radiation therapy for 
far advanced disease. 

New approaches of interest include fundoplica- 
tion added to esophagogastrostomy, substernal gas- 
tric bypass with anastomosis in the neck, reversed 
gastric tube (Heimlich operation), the addition of 
postoperative rather than preoperative irradiation in 
patients with potentially curable lesions, the use of 
preoperative hyperalimentation, and the potential 
application of immunotherapy. 


No cancer of the gastrointestinal tract has a 
more discouragingly low cure rate than car- 
cinoma of the esophagus. The 5-year survival is 
low- despite seemingly complete resections and 
no apparent metastases. Advances in super- 
voltage radiation and radical surgery have not 
increased the survival rate. Neither patient 
education nor newer diagnostic techniques 
have added substantially to improvement in- 
survival because carcinoma of the esophagus 
becomes symptomatic only when it has become 
highly obstructive. Symptoms are generally 
present for 4 to 6 months before the patient 
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seeks help. Death is usually due to severe and 
rapid inanition and aspiration pneumonia. 
The early extensive submucosal lymphatic 
spread and invasion of contiguous structures 
substantially limit the opportunity to completely 
eradicate the tumor. Since only a few patients 
are cured of this disease, more surgeons have 
come to accept palliation as the major goal of 
treatment. At the present time three methods of 
palliation are available, and individual prefer- 
ences and statistics generally dictate the type of 
treatment instituted. Efforts to reduce the oper- 
ative mortality and increase the cure rate con- 
tinue to be the principal aspects of treatment. 


Incidence 


Carcinoma of the esophagus represents 1.5% of 


all cancers and 7% of all gastrointestinal car- 
cinomas [83]. It is predominantly a disease af- 
fecting men with a male to female ratio of 3:1 
[5]. The incidence in the United States is 10 men 
per 100,000 population per year. The disease 
occurs between the fifth and seventh decades of 
life. In contrast, in Japan, 46.3 men per 100,000 
population are affected, and the age group is 
younger [83]. It also has been noted that non- 
white populations have a higher incidence 
compared with the white population of the 
United States [47, 74]. Women with carcinoma 
of the esophagus tend to have a slightly better 
survival rate than men [5]. 


Etiology 

The etiology of carcinoma of the esophagus is 
not known, and no precise correlation with 
known agents has been established. Tobacco 
and alcohol have been shown to be associated 
with an increased incidence [61, 94]. Wynder 
and Bross [94] noted that various reports have 
indicated a higher incidence of this disease in 
patients with Plummer-Vinson syndrome, poor 
oral hygiene, and improperly fitted dentures. 
Thermal irritation with hot food or beverages 
has been implicated as a possible factor among 
Japanese and Chinese [94]. 
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Several reports indicate an increased predis- 
position in patients with achalasia and lye stric- 
ture of the esophagus [46, 51, 93]. Chronic irri- 
tation of the mucosa of the esophagus by stasis 
and subsequent esophagitis may be responsi- 
ble for the higher incidence. 


Pathology 

Most malignant tumors of the esophagus are 
of the squamous or epidermoid variety. 
Adenocarcinoma of the esophagogastric junc- 
tion is usually an extension from carcinoma of 
gastric origin, primarily the cardia. Primary 
esophageal adenocarcinoma is extremely rare 
and is believed to arise from ectopic foci of gas- 
tric mucosa, columnar-lined esophagus (Bar- 
rett’s esophagus), or the superficial and deep 
esophageal glands [15, 39, 66, 80]. Carcinosar- 
coma, a very rare tumor with carcinomatous 
and sarcomatous components, has been re- 


ported sporadically [17, 87]. 


Postlethwait and Sealy [78] reviewed more 
than 7,000 cases of esophageal carcinoraa re- 
ported by 46 authors and divided the 
esophagus into three regions—the upper. mid- 
dle, and lower thirds. In their report, the most 
common site of involvement was the middle por- 
tion (4796), followed by the lower third (3696) 
and the upper third (1796). Parker and Gregorie 
[74] designated four levels: the cervical 
esophagus, between 15 to 20 cm from the upper 
incisors or from the vertebral levels C-6 to T-1; 
the upper thoracic level, measured at 20 to 26 
cm from the incisors or T-2 to T-5; the middle 
segment, measured at 26 to 36 cm from the 
upper incisors or T-6 to T-10; and the lower 
esophageal segment, below T-10 or 36 to 46 cm 
from the upper alveolar margin. 

Grossly, the tumor may be infiltrative, ulcera- 
tive, polypoid, or a combination of these [74]. 
Infiltrative tumors are the most common, in- 
volving the esophageal wall concentrically and 
causing luminal narrowing. When nonulcerat- 
ing, infiltrative types may produce luminal ir- 
regularity with normal appearing mucosa. Be- 
cause the wall of the esophagus dilates, the pa- 
tient usually becomes symptomatic only when 
it has been extensively infiltrated. Polypoid 
cancers tend to grow within the lumen of the 
esophagus and may be soit, friable, firm, and 


irregular. Ulcerative types may be found in 
combination with the other types. Necrotic tis- 
sues may extensively cover the tumor and give 
a false negative biopsy finding. 

Extensive submucosal lymphatic infiltration 
may extend 4 to 8 cm or more from the gross 
margin of the tumor at the time of diagnosis 
[31, 74]. The lack of serosal covering, extensive 
submucosal lymphatics, and close relationship 
to other mediastinal structures contribute to 
early local spread in this disease. Distant meta- 
static spread may occur in the absence of exten- 
sive local disease. In a collected autopsy series, 
Postlethwait and Sealy [78] found that 76.9% 
had positive regional lymph nodes and 11.8% 
had tracheobronchial involvement. McCort [60] 
noted eight groups of lymphatic drainage for 
the esophagus. The upper thoracic and cervical 
esophagus are drained by the perihilar, para- 
tracheal, and external jugular lymph nodes. The 
midthoracic esophagus is drained by the 
paraesophageal and tracheal bifurcation nodes. 
The lower third and gastroesophageal junction 
are drained by the paracardiac, left gastric, and 
celiac nodes. Upward and downward exten- 
sions occur when the normal drainage routes 
are obstructed by tumor cells. Frequent sites of 
distant metastasis are the liver, tracheobron- 
chial tree, lungs and pleura, and bones [78]. Less 
frequently, the kidneys, adrenal glands, thy- 
roid, and brain are sites of metastatic spread. 


Diagnosis 
Early diagnosis of esophageal carcinoma is 
based on a high index of suspicion in a patient 
with dysphagia. Most patients complain of 
some form of dysphagia or pharyngeal discom- 
fort [74]. A history of recent weight loss, regur- 
gitation, or vomiting associated with dysphagia 
should arouse suspicion. At times, patients 
may be seen with aspiration pneumonia or 
manifestations of peptic esophagitis. Occa- 
sional symptoms like hoarseness, unilateral 
neck mass, cough, fever, or choking sensation 
merit intensive investigation. In a majority of 
patients, the symptoms are usually 4 to 6 
months in duration. z 

An orderly investigation requires a thorough 
physical examination because metastatic spread 
may be found in the neck nodes or the liver. 
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Barium swallow examination of the esophagus 
has a diagnostic accuracy of approximately 92% 
[13]. On positive or suspicious radiographic 
findings, rigid and fiberoptic esophagoscopy is 
performed under general anesthesia except in 
patients who are not able to tolerate the anes- 
thetic agent. With biopsy specimens and 
esophageal washings and brushings, a diag- 
nosis can be made in about 9696 of patients 
[13]. 

In equivocal cases, repeat examination with 
esophagogram and endoscopy should be per- 
formed periodically. During the investigation 
the extent of local invasion should be deter- 
mined by direct and indirect laryngoscopy to 
assess the vocal cords. Bronchoscopy is per- 
formed to evaluate the carina for widening, 
which suggests lymph node invasion, and to 
look for tracheal or bronchial invasion. Suspi- 
cious areas of metastatic involvement should 
be thoroughly investigated. Murray and associ- 
ates [64] have used mediastinoscopy in upper 
and midthoracic lesions to assess operability. 

As part of the diagnostic workup to deter- 
mine resectability, Guernsey and associates 
[35], Beattie and Goodner [8], Beattie [7] and 
Murray and co-workers [64] have used explor- 
atory laparotomy and biopsy of the celiac 
nodes and liver. 

One should be aware of the high association 
of carcinoma with achalasia, lye stricture, and 
Plummer-Vinson syndrome [46, 51, 93, 94]. 
These patients should be followed regularly 
with periodic endoscopy and barium radiog- 


raphy. 


Differential Diagnosis 

Diverticular disease of the esophagus and stric- 
ture due to peptic esophagitis are the most 
commonly encountered conditions found with 
some form of swallowing disorder. Achalasia 
and other motility problems should be evalu- 
ated bv barium radiography, esophagoscopy, 
and manometric studies. Leiomyoma of the 
esophagus can cause dysphagia and, at times, 
upper gastrointestinal bleeding. Carcinoma in- 
volving the larynx, pharynx, and trachea with 
contiguous extension or fistula formation may 


present like an esophageal cancer. Primary . 


tumors or metastatic disease of the medias- 


tinum, hilar lymph node enlargement, duplica- 
tion or 2ronchogenic cysts, intrathoracic goiter, 
and aortic arch aneurysms may all be seen with 
initial cysphagia if the esophagus is very com- 
pressed. 


Historical Data 

In 1877 Czerny [22] performed a successful re- 
section for carcinoma of the esophagus. 
Twenty-one years later in 1898, Holzknecht [43] 
used b:smuth to study the esophagus radio- 
graphically, thereby paving the way for the 
subsequent development of the barium swal- 
low and cineradiography. Beck and Carrell [9] 
in 1905 described using an isoperistaltic tube 
fashioned from the greater curvature of the 
stomach in the antethoracic position as a substi- 
tute for the esophagus. Roux [82], Kelling [48], 
and Von Fink [89] reported the use of the 
stomach, jejunum, and colon for restoration 
of gastrointestinal continuity after resection of 
the esophagus. Roux performed a successful 
esophagojejunogastrostomy for benign esoph- 
ageal scricture in 1907; in 1911, Kelling re- 
ported :he use of an isoperistaltic segment of 
the colcn; and 2 years later, Von Fink described 
use of che entire stomach in an antiperistaltic 
manner to replace the esophagus. These recon- 
structive procedures were confined to the ex- 
trathorecic portions of the esophagus. In 1920, 
Kirschrer [50] employed the entire stomach in 
an isoperistaltic manner. Torek [88] performed a 
subtotal thoracic esophagectomy for cancer in 
1913. Extrapleural esophagectomy and delayed 
or stage reconstruction by the antethoracic 
route was common practice prior to the intro- 
ductior of antimicrobial therapy and endo- 
trachea. anesthesia. Oshawa in Japan [72] and 
Adams and Phemister [1] in the United States 
were among the first to discuss esophagogas- 
trostonry reconstruction. 

In 1945, Nielsen [70] reported on irradiation 
as a primary treatment for cancer of the 
esophazus. In 1948, Wookey [92] recommended 
the use of skin tubes for thoracic inlet lesions. 
With improvements in bowel preparation and 
advances in postoperative care, the use of a 
segmer.t of jejunum or colon has increased [6, 
20, 56, 63, 79, 90]. In 1953, Battersby [6] used 
one-stage palliative right colonic replacement of 


—— — 
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the esophagus, and 3 years later Mustard and 
Ibberson [65] recommended the use of pallia- 
tive bypass with colon or jejunum retroster- 
nally. Gavriliu and Georgescue [28] in 1951 
described replacing the resected esophagus 
with the reversed gastric tube. Since then, a 
number of surgeons have advocated it for be- 
nign stricture and carcinoma [33, 40, 42]. 

Intraluminal intubation was reported in 1927 
by Souttar [86]. Celestin [19] and Mackler and 
Mayer [57] later used different plastic tubes for 
bypassing the obstructive tumor. 

Three decades ago, Lewis [54] pioneered and 
Kent and Harbison [49] later stressed the 
superiority of the combined right thoracic and 
abdominal approach for esophagogastrostomy 
(Lewis operation) in lesions of the middle and 
upper thirds of the esophagus. Others continue 
to use the left thoracic approach for lower third 
lesions [25, 26, 45]. Nakayama [67] recom- 
mended the Lewis operation in a series re- 


~ ported in 1959, a recommendation reinforced 


by Carey and associates [18] 12 years later. 


Treatment 
Operation 


Nearly 5096 of patients with esophageal car- 
cinoma are considered inoperable for cure at 
the time of diagnosis, and an additional group 
is considered nonresectable at operation. With 
palliation as a goal, a high resectability rate of 
95% may be possible [18]. Primary contraindi- 
cation for completion of the operation is inva- 
sion of the trachea or esophagus at the thoracic 
inlet. Belsey and Hiebert [10] were able to resect 
8996 of the patients explored. 

CURATIVE RESECTION. An operation for cure 
should include a generous proximal margin of 
up to 8 cm and should extend down to include 
the cardia and small portion of the fundus. The 
resection should be in continuity with related 
lymph nodes and soft tissues of the medias- 
tinum around the esophagus, left gastric and 
celiac nodes, and the lesser omentum. For high 
lesions, the external jugular lymph nodes 
should be incorporated. Despite microscopic 
analysis of the cut margins at the time of opera- 
tion, "skipped areas" of neoplastic foci may be 
present 4 to 8 cm from the gross tumor margin 
[31, 74]. 


PALLIATIVE RESECTION. Palliative resection 
should at best include all or most of the tumor 
around the esophagus and lymph-node bearing 
areas. A portion of the tumor generally is left 
when an incomplete resection is done or when 
the resection is not carried out well beyond the 
gross confines of the tumor. In certain quarters, 
the presence of liver metastasis or invasion of 
the celiac nodes do not preclude operation be- 
cause. of the greater benefits achieved with pal- 
liative operation [10, 18, 91]. In most instances, 
palliative resection provides an adequate abil- 
ity to swallow and prevents aspiration pneu- 
monia or choking. This procedure should have 
an acceptable mortality compared with other 
methods of treatment and the morbidity should 
be less. 

RECONSTRUCTION. Several methods of 
esophageal reconstruction have been advocated 
in the past 30 years. During the early period of 
esophageal surgery, using the stomach to re- 
store gastrointestinal continuity was popular 
because of the ease of performing the operation 


with a single anastomotic line [1, 15, 49, 54, 55, 


62]. However, the high incidence of reflux and 
subsequent esophagitis after the procedure led 
many surgeons to employ an alternative 
method. Some prefer to use the colon to recon- 
struct the gastrointestinal tract [16, 21, 31, 33, 
65, 79, 90]. 

There are three principal categories of 
esophageal reconstruction: esophagogastros- 
tomy, colon interposition, and reversed gastric 
tubes. Other methods like skin tubes and je- 
junal interposition have been reported. 

For middle and lower third lesions, most sur- 
geons prefer to use the stomach to restore gas- 
trointestinal continuity. The advantages of 
esophagogastrostomy are that one anastomo- 
sis is performed, an adequate length of the 
stomach with a good blood supply can be mo- 
bilized to reach the thoracic inlet, and some- 
times the neck, and the incidence of necrosis of 
the stomach is lower than colon interposition. 

The technical aspect of the operation is essen- 
tially that of a good cancer operation. Venous 
thrombosis may be avoided by enlarging the 
esophageal hiatus. At the thoracic inlet in the 
anterior mediastinum, the manubrium, first 
rib, or medial portion of the clavicle may be 
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excised to provide more room for substernal 
esophagogastrostomy [71]. Tension along the 
anastomotic line should be avoided. 

Some surgeons prefer a left thoracoabdomi- 
nal approach for lower third lesions [25, 26, 45]. 
However, these lesions may be approached 
through the bed of the fifth or sixth rib in the 
right chest [10, 18]. Accessibility of middle and 
upper third tumors is better through a right 
thoracotomy approach for the following rea- 
sons: (1) only the azygos vein is in the way; (2) 
the arch of the aorta is on the other side, which 
permits better access to the retroaortic portion 
of the esophagus under direct vision; (3) the 
anastomosis can be performed with ease high 
in the thorax by a right-handed surgeon; and 
(4) since the abdominal incision is separate, the 
diaphragm is left intact thereby avoiding some 
postoperative complications associated with a 
continuous thoracoabdominal incision. 

One disadvantage of esophagogastrostomy is 
that it deprives the patient of a patent lower 
esophageal sphincter. If the stomach is 'not 
completely in the chest where there is a nega- 
tive intrathoracic pressure, troublesome reflux 
may occur. Vagotomy and pylcromyotomy or 
pyloroplasty afford some protection by 
eliminating the cephalic phase cf gastric secre- 
tion and allowing better emptying |59]. Creat- 
ing an artificial sphincter around the anas- 
tomosis by fundoplication has been reported to 
be beneficial [11, 12, 16]. 

A commonly encountered problem in doing 
an esophagogastric anastomosis in the neck is 
the inadequate length of the stomach. The 
stomach, however, could be made to reach the 
neck for high anastomosis. Orringer and Sloan 
[71] recently reported substernal gastric bypass 
for palliation in 10 patients in whom the anas- 
tomosis was performed in the neck. Akiyama 
and Hiyama [3] described high division of the 
stomach and retrosternal bypass. A Billroth II 
procedure was done or a Roux-en-Y segment of 
jejunum was anastomosed to the proximal end 
of the divided' stomach for drainage of the 
esophagus. A cardiotomy may also be em- 
ployed for drainage of the proximal cardia. The 
use of the reversed gastric tube retrosternally is 
gaining popularity in some centers [27, 28, 33, 
40, 42]. | 

To reduce operative mortality, preoperative 


preparation is essential in these usually cachec- 
tic patients with contracted blood volumes. 
Respiratory toilet should be vigorous. The 
majority of complications associated with the 
procedu-e are respiratory in nature. Recently, 
oral or intravenous hyperalimentation has been 
added to the preoperative management [39]. 
The use of antibiotics also has reduced the inci- 
dence of postoperative infections. 

The second method is colon interposition. 
Some surgeons prefer to use a segment of the 
colon to replace or bypass the esophagus for 
carcinorra [16, 21, 31, 33, 65, 79, 90]. Most agree 
that the colon is the most suitable replacement 
for benign disease of the esophagus. A well- 
known objection to this operation is that it 
takes longer because three anastomoses are 
necessarv. This may be a disadvantage in a de- 
bilitated and older patient. Another disadvan- 
tage is the variable blood supply to the colon, 
which contributes to a higher incidence of leaks 
especially at the distal end [79]. The high bacte- ` 
rial content increases the morbidity from con- 
taminaticn. With good bowel preparation and 
antibiotics, bacterial colonies can be substan- 
tially decreased. The operation has three major 
advantagss. (1) For palliation, retrosternal tun- 
neling is used, eliminating the need for 
thoracotomy, although substernal gastric by- 
pass and reversed gastric tubes may be per- 
formed in this manner. (2) The colon is ideal 
because it almost always reaches the neck for 
the anastomosis. (3) The proximal anastomosis 
is performed in the neck, and in the event of a 
leak the morbidity is less than when the anas- 
tomosis is performed in the pleural cavity. 

Preoperative evaluation of the patient being 
considered for colon interposition should in- 
clude a barium enema to exclude colonic ab- 
normalities [79]. Likewise, preoperative prepa- 
ration is important. The colon should be 
emptied well. It is extremely important to select 
the segment to be used on the basis of vascular 
patterns. A useful guideline is to temporarily 
occlude tne arterial supply and observe the 
segment cor pulsations and viability before 
ligating the vessel. The most commonly used 
segment is the left colon because of its length, 
longer blood supply, and smaller caliber, which 
nearly approximates the size of the esophagus 
[79]. The blood supply is through the middle 


ram 


— 
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colic artery for antiperistaltic anastomosis. The 
preservation of the ileocecal valve in right colon 
interposition theoretically provides a sphincter 
to decrease reflux at the proximal anastomosis 
in the isoperistaltic position. The middle colic 
artery and veins provide the blood supply. The 
use of the right colon is advantageous for 
isoperistaltic anastomosis [79]. An adequate 
length limited by the vascular pedicle can al- 
most always be obtained. Isoperistaltic or an- 
tiperistaltic positioning does not seem to be 
important. As in esophagogastrostomy, the 
blood supply of the segment should not be taut 
or kinked and venous engorgement resulting in 
thrombosis should be avoided. It should not 
obstruct another segment of abdominal viscera, 
particularly the duodenum. A useful maneuver 
is to position the vascular pedicle behind the 
stomach and duodenum [79]. As for the site of 
distal anastomosis to the stomach, the anterior 
midportion close to the lesser curve seems pref- 
erable, especially for retrosternal tunneling. For 
the transthoracic approach, the lie of the colon 
is most important in determining the position 
of the distal anastomosis. 

Unless done by those with extensive experi- 
ence, colon interposition is associated with 
more troublesome complications that often ex- 
ceed the life expectancy of the palliated »atient 
[31, 44, 52, 79, 90]. 

Other types of esophageal reconstruction that 
have been utilized are skin tubes, jejunal inter- 
position, Roux-en- Y reconstruction with vascular 
anastomoses, and colonic grafts with vascular 
pedicle implant [20, 56, 63, 92]. In general, skin 
tubes are no longer used because: of technical 
difficulties in fashioning them. Numerous op- 
erations are required, and complications like 
skin irritation and fistula formation are com- 
mon [59]. 

Jejunal interposition for short segments (4 to 
6 cm) of esophagus has been reported to be a 
satisfactory substitute [63]. However, techni- 
cally it is often difficult to obtain an adequate 
length with intact blood supply. Vascular anas- 
tomosis may be performed to salvage the upper 
end of the jejunum [56], and a staged recon- 
struction also may save an endangered segment 
of jejunum. | 

Since Gavriliu and Georgescue [28] revived 
the use of the reversed gastric tube for 


esophageal substitution, the procedure has 
slowly gained acceptance in the United States 
[33, 40-42]. The operation takes longer than 
esophagogastrostomy because of the long su- 
ture line involved. Viability of the distal part of 
the antrum is often questionable. Except when 
performed by surgeons with vast experience, 
this procedure has a higher incidence of tube 
necrosis, leaks, and obstruction at the angle 
created by the reversed tube. Satisfactory re- 
sults for benign diseases have been reported 
[42 ]. 


Radiation Therapy 

Tumoricidal dose ranges between 4,000 and 
6,000 rads using cobalt 60 emitting gamma rays, 
high-voltage linear accelerator, or betatron 
megavoltage. The radiation dose is fractionated 
over a 4 to 6 week period by multiple ports of 
entry. For preoperative radiation prior to opera- 
tion, the period may be shortened to 2 to 4 
weeks. As a primary form of treatment, radia- 
tion therapy has been used for cervical, upper, 
and middle third lesions [36, 47, 52, 53, 73, 
75-77, 81, 85, 91]. 


Palliative Intraluminal Intubation 

This procedure is usually reserved for patients 
who are extremely debilitated and are deemed 
inoperable on the basis of invasion of the 
trachea or bronchi with or without tracheo- 
esophageal fistulas [4, 23, 24, 29, 57, 84, 96]. 


i Generalized metastasis, involvement of the 


esophagus at the thoracic inlet, failure of radia- 
tion therapy, and recurrence are other indica- 
tions. The objectives are to restore trouble-free 
swallowing and prevent aspiration pneumonia. 

The tubes are the push-through and pull- 
through types. The push-through variety (Sout- 
tar and Mackler) is positioned blindly through 
the tumor with the aid of an esophagoscope. 
The proximal flange of the tube is wedged 
against the tumor. Most surgeons agree that 
these tubes should be limited to short segment 
involvements (<10 cm) of the middle or upper 
third [29]. One of the drawbacks is perforation 


_ of the esophagus due to blind insertion, result- 


ing in often fatal mediastinitis. 

In the pull-through type, the tube is guided 
into the tumor through a gastrotomy by a pre- 
viously passed string and then.is anchored to 
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Table 1. Palliative Intubation 


No. of Type of Operative 
Author, Yr Patients Tube Mortality (%) 
Duvoisin et al, 61 Celestin 10 
1967 
Zimmerman et al, 50 Souttar 2 
1969 
Gunnlaugsson Celestin 9 
et al, 1970 
Ammann et al, 59 Souttar 10-33 
1971 Mousseau- 
Barbin 
Das et al, 55 Souttar 12.5-25 
1973 Mousseau- 
Barbin 
Sanfelippo et al, 60 Celestin 10 
1973 ` 
Skinner,” 12 nit 25 
1976 


aMean survival time = 4.1 mo. 


the stomach. The Mousseau-Barbin, Celestin, 
and Fell tubes are most commonly used. Gen- 
eral anesthesia is usually required for place- 
ment, although local anesthesia may be used. In 
a severely debilitated patient, general anes- 
thesia may prove disadvantageous. The pull- 
through tube is usually used for lesions of the 
middle and lower thirds or the gastro- 
esophageal junction. Aspiration is increased 
due to incompetence of the lower esophageal 
sphincter [29]. 

Although seemingly a benign procedure, in- 
tubation carries an operative risk of 12% (Table 
1) [4, 23, 24, 36, 84, 85, 96]. The majority of 
deaths are caused by respiratory complications 
related to extreme debilitation and aspiration 
from an incompetent lower esophageal sphinc- 
ter. About 25% of the intraluminal tubes mi- 
grate or dislodge, and 9% become obstructed 
by food particles [29]. Migration of the tube 
may cause perforation of the stomach or 
esophagus resulting in peritonitis [2.5%]. The 
average incidence of wound infection is 14%; of 
upper gastrointestinal bleeding, 3.3%; and of 


pulmonary complications (pneumonia, pneu- . 


mothorax, pleural effusion), 11%. Various 


reports claim that 40 to 88% of patients are able’ 
to swallow some type of food or liquid after. 
intubation [23, 36, 84]. Skinner [85] reported the 


average survival to be 4.1 months. 


Feeding Gastrostomy 
Feeding gastrostomy as a palliative procedure 
does not provide symptomatic relief because 


the patiant is unable to swallow saliva unless 
there is also an esophagostomy or "spit 
fistula." The patient cannot enjoy oral intake. 
The procedure is not without mortality or mor- 
bidity, =nd the average survival is not pro- 
longed. Therefore, if local and distant metas- 
tasis preclude resection, alternative methods of 
palliation like intubation, bypass procedures, 
or radiation should be employed. A feeding 
gastrostomy may be used temporarily to pro- 
vide nutrition for a patient who is undergoing 
radiatior treatment or for a patient who has had 
operation and has not yet resumed oral intake. 


Results 
Operation Alone 


Of the 2.508 patients reviewed who had esoph- 
agogastrostomy (1963—1976), there were 386 
operative deaths (1596) (Table 2) [2, 10, 12, 
32, 36, 4x, 47, 52, 55, 68, 76, 85, 91, 95]. In one 
review, zn improvement in operative mortality 
was noted when an early series was compared 
with a later one, 16% and 12%, respectively 


Table 2. Operative Mortality 


(Esophagogastrostomy) 
Gastroin- 
No. of testinal Operative 
Author, Yr Patients Segment Mortality (96) 
Logan, 1967 ^ 853 Stomach 17 (148/853) 
Nakayama, E264 366 Stomach 4(12/366) 
Lawler et al 1969 80 Stomach 20(16/80) 
Akakura et 2, 91 Stomach, 13(12/91) 
1970 colon? 
Gunnlaugss-n 245 Stomach 16(39/245) 
et al, 197C (1946—55) 
334 Stomach 12(39/334) 
(1956-65) 
Huguier et a., 75 Stomach 29(22/75) 
1970 colon? 
Parker et al, 47 Stomach 30(14/47) 
1970 colon? 
Wilson et al. 20 Stomach 5(1/20) 
1970 
Younghuskend 77 Stomach 16(12/77) 
et al, 1970 
Groves et aL 46 Stomach 20(9/46) 
1973 
Belsey et al, 140 Stomach 28(39/140) 
1974 : 
Boyd et al, 56 Stomach 9(5/56) 
1975 
just-Viera 20 Stomach 25(5/20) 
et al, 197= 
Skinner, 1975 58 Stomach, 22(13/58) 
colon, 
jejunum? 


@Number ci colon interpositions not separated. 
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Table 3. Operative Mortality 
after Colon Interposition 


No. of Operative 

Author, Yr Patients Mortality (%) 

Parker et al, 6 17 (1/6) 
1965 

Lawler et al, 9 44 (4/9) 
1969 

Parker et al, 23 35 (8/23) 
1970 

Postlethwait 29 27 (8/29) 
et al, 1971 

Gregorie, 1972 41 10 (3/29) 

Wilkins et al, 40 15 (6/40) 
1975 


[36]. In studies by Wilson and associates [91] 
and Boyd and co-workers [12], the operative 
mortality was 596 and 996, respectively. A great 
majority of the operative deaths were related to 
respiratory complications (896) and anastomotic 
leaks (8.6%) [10, 44, 52, 53, 81]. Anastomotic 
leaks in the chest are quite devastating because 


of the resulting empyema and sepsis if drainage : 


is inadequate. Respiratory complications, more 
commonly due to preoperative aspiration or 
postoperative pneumonia, should be managed 
vigorously. In about 5% of patients chronic 
fistula formation develops from a small leak and 
may result later in stricture formation. Wound 
infection and dehiscence occur in 2.5% of pa- 
tients. When compared with colon interposi- 
tion, necrosis of the stomach is rare (2%). Other 


complications are myocardial infarction, cere- 


brovascular accident, and pulmonary em- 
bolism. 
From 1965 through 1975 148 colon interposi- 


tions were reviewed [31, 52, 73, 76, 79, 90]. : 


There were 30 operative deaths (20%) in the 
group (Table 3). Similarly, the mortality was 
closely related to the complication rate. Anas- 
tomotic leaks tend to be higher (average, 14%) 
compared with gastric reconstruction. This is 
probably related to the presence of three anas- 
tomotic lines and a more inconsistent blood 
supply [31, 44, 79, 90]. Colonic necrosis oc- 
curred in 12% of patients. The incidence of 
pulmonary complication was 10%. 

Average survival after esophagogastrostomy 
or colon interposition ranges from 7 to 28 


Table 4. 3- and 5-Year Survival after Surgery 


No. of 3-Year 5-Year 
Author, Yr Patients Survival (9o) Survival (96) 
Ellis et al, 909 17.2 
1959 
Nakayama, 1959 697 xo 5 
Logan, 1963 544 Tm 9.4 
Nakayama, 1964 366 21.7 
Parker et al, 21 28 
1965 
Robertson et al, 33 21 
1967 
Lawler et al, 89 10 7 
1969 
Akakura et al, 91 13.6 
1970 
Gunnlaugsson 245 6.7 4.2 
et al, 1970 (1946-55) 
334 13.8 9 
(1956-65) 
Parker et al, 23 26 
1970 
Younghusband, 77 ene 21 
1970 
Leon et al, 325 "I 2 
1971 
Postlethwait 29 "m 3 
et al, 1971 , 
Belsey et al, 140 ies 3 
1974 
Just-Viera 20 35 
et al, 1975 
Skinner, 1976 58 . 13 5 


months [10, 18, 32, 52, 85, 91, 95]. The mean 
3-year survival rate is 19.4% and the 5-year 
figure is 8.396 (Table 4) [2, 10, 26, 36, 47, 52, 53, 
55, 67, 68, 73, 76, 79, 81, 85, 95]. Therefore, de- 
spite advances in surgical therapy, the survival 
figure has not changed from 1959 to the present. 
The only discernible change we have encoun- 
tered is improvement in the operative mor- 
tality. However, the palliation achieved by op- 


. eration far outweighs the operative mortality. 


These patients are able to swallow and enjoy 
the pleasures of oral intake and the incidence of 
aspiration is reduced. Continued efforts should 
be directed toward lowering the operative mor- 
tality figure and increasing the cure rate. 


Radiation Alone 

Radiation in a patient who has obstructive 
symptoms initially increases the obstruction 
secondary to edema. The edema delays the abil- 
ity to swallow until the obstruction decreases, a 
condition that does not exist when a surgical 
procedure is done. Serious systemic side effects 
(radiation sickness) like nausea, vomiting, 
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Table 5. 3- and 5-Year Survival after Radiation 





No. of 3-Year 5-Year 
Author, Yr . Patients Survival (96) Survival (96) 
Nakayama, 1964 128 6.8 
Parker et al, 1965 77 3 - 
Robertson 39 17 7 
et al, 1967 
Pearson, 1969 214 20 : 
Lawler et al, 68 7 |.8 
1969 
Gunnlaugsson 235 8 
et al, 1970 
Parker et al, 70 "EN 8. 
1970 
Wilson et al, 20 0 
1970 
Leon et al, 196 T 0.5 
1971 
Just-Viera 62 42 
et al, 1975 
Parker et al, 70 "PO 4 
1976 
Skinner, 1976 21 0 


weakness, and general malaise are also com- 
mon in patients who receive radiation therapy. 
Serious pneumonitis develops in about 1196. 
There is a high incidence of tracheoesophageal 
fistula formation, especially with upper or mid- 
dle third lesions, averaging 10% [34, 36, 52, 58, 
76, 77, 91]. Postradiation stricture formation is 
not uncommon (696) and frequently results in 
aspiration. Bougienage, gastrostomy, and cer- 


vical esophagostomy may be required for recur- 


rent dysphagia during and after treatment. In a 
series by Pearson [77], nearly half of the pa- 
tients with local recurrence after irradiation ex- 
perienced recurrent dysphagia. Gunnlaugsson 
and associates [36] noted that only 5096 of their 
patients were palliated by irradiation. Parker 
and Gregorie [73] reported a recurrence rate of 
76% with radiation therapy alone. In their pa- 
tients who had combined radiation and opera- 
tion, microscopic residual cancer was seen in 
about 9596 of esophagi examined. The average 
survival of patients treated with radiation alone 
is 8 months [38, 52, 73, 85, 91]. Overall 3-year 
survival is 1596 and the 5-year figure is 596 (Ta- 
ble 5) (36, 47, 52, 53, 68, 73, 75-77, 81, 85, 91]. 


Preoperative Radiation Followed by Resection 

Currently, Parker and Gregorie [75] and 
Nakayama [68, 69] favor combined treatment 
for esophageal carcinoma. With proper selec- 


Table 6. Preoperative Radiation 
Followed by Operation 


No. of 3-Year 5-Year 
Author, Yr Patients Survival (96) Survival (96). 
Nakayama, 44 44.4 
1964 
Parker et ai, 21 29 
1965 
Akakura et al, 96 $ dee 25 
1970 
Beattie, 1970 44 T 14 
Parker et al, 47 ER 19 
1976 


Table 7. Operative Mortality for Preoperative 
Radiation Followed by Operation 


No. of Operative 
Author, Yr Patients Mortality (96) 
Nakayama, 1964 181 6 
Parker et al, 1965 21 14 
Akakura et al, 1970 96 21 
Parker et al, 1976 135 14 


tion to determine resectability (i.e., initial ab- 
dominal exploration), 1996 of their patients 
survive 5 years or more [75]. Similarly, Akakura 
and associates [2] and Beattie [7] achieved a 
25% and 14% 5-year survival rate, respectively 
(Table 6) [2, 7, 68, 73, 75]. Operative mortality 
averages 1496 (Table 7) [2, 68, 73, 75]. 

In a series by Parker and Gregorie [75] a pa- 
tient who was able to swallow and had wide- 
spread metastasis was not resected. However, if 
the patient was unable to swallow, palliative. 
bypass was performed with or without resec- 
tion. 


Summary of Treatment 
Upper Third and Cervical Esophageal Region 


The technical problems and difficulties encoun- 
tered in establishing continuity of the gastroin- 
testinal tract are far greater with lesions in this 
area. The high mortality and associated mor- 
bidity, like the inability to swallow well after 
operation, have led many surgeons to recom- 
mend radiation therapy for lesions in these lo- 
cations. On the other hand, some surgeons con- 
tinue to operate on selected patients and use the 
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stomach, reversed gastric tube, or colon inter- 
position for cure or palliation [14, 30, 41, 71]. 

For unresectable lesions or recurrence after 
radiation therapy, colon bypass or a reversed 
gastric tube has been utilized. Palliative intuba- 
tion has also been recommended. 


Middle Third Tumors 

In the past, opinion regarding treatment of car- 
cinoma in this region has been divided be- 
tween radiotherapy and resection. Whether the 
Operation is for cure or palliation, numerous au- 
thors have advocated resection for selected pa- 
tients [7, 8, 25, 37, 75, 85]. Others have nar- 
rowed down the contraindications in order to 
provide a swallowing mechanism and prevent 
aspiration pneumonia [10, 18, 91]. Even with 
strict criteria for resectability, Skinner [85] was 
able to achieve this in 5396 of his patients. 
Belsey and Hiebert [10] and Carey and associ- 
ates [18] were able to resect the esophagus in 
89% and 95% of their patients, respectively. 

Some have recommended radiation therapy 
as definitive treatment [77]. However, the high 
rates of complication and recurrence associated 
with radiation therapy and the large number of 
patients who are unable to swallow after this 
therapy have caused many surgeons io favor 
operative procedures. 

Surgical approach through a rigat tho- 
racotomy and a separate abdominal incision 
(Lewis operation) is preferred by most because 
of the relative ease of performing the anas- 
tomosis above the arch of the aorta [10, 12, 18, 
75, 85, 91]. The left-sided approach for middle 
third lesions is associated with some technical 
difficulties around the retroaortic area. The 
anastomosis is best if done higher because the 
blood supply of the esophagus is critical in this 
area. 

Although the operative risk is high, reported 
data suggest that the benefits of operation out- 
weigh the risk. Average survival is 14 months 
compared with 8 months for irradiation. The 
patient is able to swallow in a short period of 
time (7 to 10 days), and aspiration is drastically 
reduced [3]. 

The present trend shows that preoperative ir- 
radiation followed by resection has a higher 
5-year survival rate (20%) [2, 7, 75]. Although 


not conclusive, further data are needed to sup- 
port use of the combined treatment. 


Lower Third Cancers 
This portion is easily accessible to the surgeon 
and restoration of the continuity of the gas- 
trointestinal tract is far superior to other meth- 
ods of treatment. The results of irradiation of 
lesions located in this region have not been 
favorable [77]. By and large, some surgeons pre- 
fer to approach this region through a left 
thoracoabdominal incision [25, 26, 45]. Others 
use a separate right thoracotomy and midline 
abdominal incision [12, 18, 71, 85, 91]. Most 
prefer esophagogastrostomy to establish gas- 
trointestinal continuity. However, colon inter- 
position may also be used. Preoperative radia- 
tion is employed by some [2, 7, 34, 75]. 

For unresectable lesions or local recurrence, 
palliative intubation, substernal colon bypass, 
or reversed gastric tube may be utilized. 


Outlook 

The prospects for a higher 5-year survival rate 
with various methods of therapy are poor un- 
less well-controlled studies are conducted. 
Opinions continue to be diverse regarding 
radiation therapy and operation. Methods of 
resection and reconstruction vary. Because, as 
this review indicates, preoperative irradiation 
followed by operation has a higher 5-year cure. 
rate (14 to 2596), we may in the future witness a 
marked improvement in survival using this 
combined method. To date, there has been little 
interest in chemotherapy as an adjunctive 
treatment. Immunotherapy is another possibil- 
ity. In a series by Younghusband and Aluwi- 
hare [95], histological evidence of minimal 
lymphocytic and histiocytic infiltration in the. 
tumor was associated with a poor prognosis. 
From their study, it appears that certain im- 
mune mechanisms do play important roles in 
the host-cancer relationship. 

Several new approaches are worthy of note. 
Retrosternal esophagogastrostomy as described 
by Akiyama and Hiyama [3] and Orringer and 
Sloan [71] and the reversed gastric tube [27, 28, 
32, 33, 40, 42] are being used with increasing 
frequency as means of palliation. Fundoplica- 
tion added to esophagogastrostomy has mark- 
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edly reduced the incidence of reflux after this 
procedure [12]. Several groups, including ours, 
have begun to use postoperative rather than 
preoperative irradiation in patients who are po- 
tentially curable. This approach offers the ad- 
vantage of providing immediate palliation. 
Preoperative hyperalimentation has been more 
frequently employed in poor-risk patients [37]. 
In such patients, these adjuncts may improve 
functional rehabilitation until a satisfactory 
new method of treatment improves the outlook 
for cure. 
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REVIEW OF RECENT BOOKS 


Doppler Ultrasonic Assessment of Venous Disease 
Doppler Ultrasonic Assessment of Peripheral Arterial 
Disease 

Doppler Ultrasonic Assessment of Cerebrovascular 
Disease 


Audiovisual Texts by Robert Barnes, Henry Russell, and 
Michael Wilson 

Programmed Texts and Cassette Tapes 

University of iowa Press, lowa City, 1976 

251 pp, 296 pp, 196 pp, respectively; illustrated; $25 each, 
$60 for 3 


Reviewed by John J. Bergan, M.D. 


The concept of the noninvasive vascular laboratory 
appears to have become accepted. A groundswell of 
interest in such laboratories is manifest in the numer- 
ous well-attended meetings on the subject which have 
been held in various centers recently. Important in- 
ternational meetings in Phoenix, AZ, and San Diego, 
CA, were well attended in early 1977, while three such 
postgraduate education courses conducted within a 
week during the fall of 1977 in Columbus and Cincin- 
nati, OH, and Chicago, IL, were all oversubscribed 
even though presumably appealing to the same audi- 
ence. 

As the vascular laboratory has become accepted, the 
need has arisen for training of laboratory personnel 
and education of physicians whose patients might 
profit from evaluation by such laboratories. The pro- 
grammed texts reviewed here are among the first to fill 
the vacuum of educational material on this subject. 

Within the vascular laboratory, the most versatile 
and useful investigative device is the continuous- 
wave Doppler ultrasound velocity detector. These 
texts lead the student through the most basic concepts 
concerning the instrumentation to fairly sophisticated 
evaluation of signals generated by arterial and venous 
pathophysiology. Each text stands on its own. Each 
provides a wealth of easily comprehended facts, and 
each conforms to good principles of medical educa- 
tion. 

There is a fair amount of repetition within each text 
and across the three manuals. Nevertheless. this is 
useful, as such repetition solidifies knowledge. 

Each programmed text is supplemented by audio 
signals derived from patient examinations. Thus, 
normal arterial velocity signals are demonstrated as 
are the pathological sounds made by arterial szenoses, 
arterial turbulence proximal and distal to occlusions, 
and the sounds of collateral circulation and ar- 
teriovenous fistula. Within the venous system, nor- 
mal respiratory flow is demonstrated as well as the 
sounds caused by augmentation, venous occlusion, 
and nonphasic venous flow. The section on differ- 
entiation between subclavian-brachial and ilio- 
femoral sounds is most informative. 

Barnes and his colleagues are among the foremost 


"OTT 


investigators of the use of Doppler ultrasound in 
diagnosing cerebrovascular insufficiency. Their rec- 
ord in assessment of such patients is truly remarkable. 
Their text on this subject describes in great detail the 
various maneuvers they use to determine the pres- 
ence of extracranial arterial occlusive disease. It is 
most authoritative. For the well-informed student of 
noninvasive evaluation, this programmed text is the 
most valuable of the three. 

The three texts constitute an important step forward 
in the education of physicians, nurses, and techni- 
cians who are interested in noninvasive vascular 
evaluation. They present the current state of the art 
and give itin an interesting, informative, and imagi- 
native fashion. 


Chicago, IL 


Basic Circulatory Physiology 


By Daniel R. Richardson, Ph.D. 
Little, Brown and Company, Boston, 1976 
179 pp, illustrated, $12.50 


Reviewed by Peter V. Moulder, M.D. 


The stated purpose of this book is “to offer a working 
basis for the teaching of circulatory physiology to a 
broad spectrum of students." I think the word 
elementary would have been better in the title than 
basic because today the word basic implies “funda- 
mental." The volume could be used as a textbook in 
many paramedical curricula, provided the instructor 
recognizes that it treats normal physiology only and 
would require supplementation. The book covers 
electrical and mechanical activity of the heart, the 
venous system, microcirculation (the largest and 
most detailed section), and systemic cardiovascular 
regulation. The aortic, major arterial, and pulmonary 
circulations are hardly mentioned. Each chapter be- 
gins with an outline of the instructional and perfor- 
mance objectives. The latter state what the reader 
should be able to do after finishing a chapter. This 
teaching technique furthers the author's purpose. 
The diagrams are elementary and well done, and 
many are reprinted from standard texts. Data are cor- 
rect and recent, coming from authorities like Berne, 
Rushmer, and Guyton in particular, and the author's 
association with Gauer is happily apparent. 
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only the ball in the first chamber. 
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chamber Ball indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.1. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 
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monitors The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 


and hypoxemia— major respiratory complications of 
S ew z elle abdominal and thoracic surgery!/? 


Sustained Maximal Triflo Il provides a unique, lightweight monitoring system 
Inspiration for slow S.M.I. When used as directed, Triflo II supports 
^, ..the most efficacious maneuver available for preventing 
and reversing alveolar collapse”? with minimal risk of 
“...gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation’? 


me asures Approximate measurement of patient progress can be 
made and recorded by charting volume inspired per 
: second: light blue (600 cc/sec)*; medium blue 
‘ patient (900 cc/sec)*; dark blue (1200 cc/sec)* 
The physician, therapist or patient can evaluate progress 
DI'Keeprecss quickly and efficiently, at a glance. 
*Volume inspired/Time (sec.) 
motivates Triflo Il is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
: improvement through the use of the three chamber 
with three- system. Lightweight, economical, compact, easy to 
assemble, easy to use...requires minimum instruction, 


chamber minimum supervision... ideal in the hospital or at home. 
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CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. l 
Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 36, university trained 
in all aspects of cardiovascular and thoracic surgery, com- 
pleting additional fellowship in cardiovascular surgery, 
seeks position in group or association leading to partner- 
ship. Special interest in adult cardiac and peripheral vascu- 
lar surgery. Available July 1978. No geographic preference. 


Please respond to W-94, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 31, completing resi- 
dencv in June 1978, at large medical center in New Jersey, 
desires position in thoracic and cardiovascular surgery. 
FLEX, ABS certified, FRCS(E). Will consider all geograph- 
ic locations. 


Please respond to W-98, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 38, Board certified, 
university trained, seeks association in group practice or 
partnership. Broad experience in all aspects of cardiac, vas- 
cular, and thoracic surgery in private and academic settings 
for more than 7 years. 


Please respond to W-102, The Annals of Thoracic Surgery 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 33, ABS and ABTS 
certified, ABTS candidate, university trained, desires posi- 
tion in western United States. Flexible in type of practice. 


Please respond to W-120, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 32, ABS certified, 
completing training Dec 1978. Well trained in all facets of 
adult and pediatric cardiothoracic surgery. Position desired 
on eastern seaboard. 


Please respond to W-121, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





A-44 


Accredited cardiothoracic residency desired, July 1978. ABS 
certified, FACS, 6 years' general surgery experience. 


Please respond to W-122, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, ABS certified, ABTS 
training requirements recently completed, seeks position 
with group or individual actively engaged in cardiothoracic 
surgery. No geographic preference. Available immediately. 


Please respond to W-123, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, seeks position 
with thoracic surgery group doing cardiac, pulmonary, and 
peripheral vascular surgery, leading to a partnership. ABS 
certified, completing Board-accredited residency in car- 
diovascular and thoracic surgery, June 1978. No geographic 
preference. 


Please respond to W-124, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 34, FLEX, ABS certified, ABTS eli- 
gible, trained in general surgery at University of Cincinnati 
Medical Center, completing thoracic surgery residency at 
Wayne State University Medical Center, interested in car- 
diac, thoracic, and vascular surgery and association with 
group or partnership. Available Sept 1, 1978. 


Please respond to Joseph Suckarieh, M.D., 23413 Edsel Ford 
Court, St. Clair Shores, MI 48080. 





Cardiothoracic surgeon, 37, completing additional fellow- 
ship in cardiovascular surgery research, ABS and ABTS eli- 
gible, seeks association with group or partnership. 


Please respond to W-126, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic znd cardiovascular surgeon, 37, ABS and ABTS 
certified, seeks association with group or surgeon in private 
practice. Well trained in all aspects of adult and pediatric 
cardiovascular and thoracic surgery. One year's experience 
in practice. 

Please respond to W-127, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 40, university trained, broad ex- 
perience im adult and pediatric cardiac and thoracic and 
vascular surgery, seeks position in West or Midwest in solo 
or group practice leading to partnership. Presently in active 
cardiac surgery group with large volume. 


Please respond to W-128, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, thoracic residency 
completed, extra training in pediatric cardiac surgery, de- 
sires position. No geographic preference. Willing to work 
hard. 


Please respond to W-129, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Fe Sk aceasta DREAM INMENSO RAPI SUE 
Cardiovascular and thoracic surgeon, 35, ABS and ABTS 
certified, married, university trained, in active cardiac, 
thoracic, end vascular surgery practice at well-known mid- 
western clinic, seeks relocation in private, group, or aca- 
demic practice. Strong clinical and academic background. 
All areas considered. 


Please respond to W-130, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 




















Cardiothoracic surgeon, 37, ABS and ABTS certified, uni- 
versity trained, PhD candidate with main interest in pul- 
monary physiology, seeks academic position or association 
in group practice with university affiliation. Currently 


completing military obligation. Available April 1979. Cur- 


riculum vitae and bibliography available on request. 


Please respond to W-131, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 38, ABS and ABTS 
certified, seeks position with group or surgeon actively 
doing cardiac surgery. Academic or private practice. Loca- 
tion flexible. 


Please respond to W-132, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 36, ABS and ABTS 
certified, university trained, well experienced, seeks 


association/partnership with active cardiothoracic surgeon 


or group. Available immediately. 


Please respond to W-133, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 


Position available for assistant or associate professor of 
cardiothoracic surgery. Candidate must have outstanding 
clinical skills, high degree of scholarship and teaching abil- 
ity, and competence in laboratory and clinical investigative 
research. Submit curriculum vitae and bibliography. Equal 
opportunity employer. 





Please respond to A-65, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and vascular surgeon, Board eligible or certified, 
wanted by group-affiliated thoracic surgeon in Iowa. Prac- 
tice limited to general thoracic and major arterial vascular 


surgery. 
Please contact Ms. Merry Wetlaufer, 927 W 4th St. Water- 
loo, IA | 50702. 





A-45 


Thoracic and vascular surgeon, Board eligible or certified, 
wanted by thoracic and vascular surgeon in eastern US. 
Practice limited to general thoracic and major arterial vascu- 
lar surgery. 


Please respond to A-67, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 40, well established 
in metropolitan southern city, actively seeking associate. 
Practice consists of cardiac, peripheral vascular, and 
thoracic procedures, and is based in two major hospitals. 
Academic affiliation available if desired. 


Please respond to A-68, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Vacancy for thoracic and cardiovascular surgeon, Board cer- 
tified or eligible, in large teaching hospital, new facilities in 
1979. Prefer interest in congenital and acquired cardiac sur- 
gery, noncardiac thoracic surgery, and related research. 
Professional corporation with full benefits. 


Please contact Chief, Section of Cardiothoracic Surgery, 
Department of Surgery, University of Kansas, College of 
Health Sciences and Hospital, 39th and Rainbow, Kansas 
City, KS 66103. An equal opportunity/affirmative action 
employer. 





Mature, certified thoracic/vascular surgeon needed to join a 
two-man group in central Florida. Practice limited to 
thoracic and vascular surgery. 


Please respond to James D. Moody, M.D., and Paul H. 
Sherman, M.D., 615 E Princeton, Suite 320, Orlando, 
FL 32803. 





Thoracic and cardiovascular surgeon wanted to join forty- 
man clinic in Midwest. Practice limited to thoracic, vascu- 
lar, and cardiac surgery. Board eligibility required. 


Please respond to A-71, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Fellowship in cardiac surgery available July 1, 1978, or jan 
1, 1979. University program, congenital and acquired car- 
diac surgery. 


Contact: Robert Replogle, M.D., Director, Division of Car- 
diac Surgery, Michael Reese Hospital, 29th 5t and Ellis 
Ave, Chicago, IL 60616; tel: (312)791-3362. 


Opening for Board-certified or Board-eligible thoracic and 
cardiovascular surgeon with a thoracic and cardiovascular 
surgeon in solo private practice in Midwest. Association 
leading to partnership. Curriculum vitae needed before 
interview. 


Please respond to A-73, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 








This is the Bentley Spiraflo BOS-10 
Disposable Oxygenator...a signifi- 
cant breakthrough in oxygenating 
system technology. A unique design 
which combines exceptional per- 
formance, simplicity, safety and 
convenience. 


UNIDIRECTIONAL FLOW The 
Spiraflo BOS-10 is the first true 
"unidirectional flow" bubble oxy- 
genator where the blood and gas 
flow is one direction only - from top 
to bottom - completely eliminating 
all vertical resistance to the venous 
return. 


EFFICIENT HEAT EXCHANGE The 
venous side heat exchanger con- 
sists of a continuous, single coil of 
convoluted tubular metal, circularly 
wrapped between inner and outer 
plastic housings, with water flow 
running counter-current to blood 
flow for optimum heat exchange. 


LOWEST DYNAMIC PRIMING 
VOLUME The system's unidirec- 
tional flow, heat exchanger con- 
figuration and reservoir design 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue : Irvine, California 92714 
Phone: (714) 546-8020 : Telex 685503 


combine to provide the lowest 
dynamic priming volume available. 
The BOS-10 also allows for a shorter 
venous and cardiotomy return line. 


LARGE ARTERIAL RESERVOIR 
The Spiraflo BOS-10 Oxygenator 
will function with up to 3 liters of 
blood in the reservoir. This injection- 
molded housing of clear polycar- 
bonate is totally seamless. 


In addition to these patient-oriented 
benefits, the Spiraflo BOS-10 con- 
tains a separate initial blood/gas 
mixing chamber. This chamber 
provides a uniform mixture of 
blood and gas bubbles to the gentle 
mixing heat exchanger section. 
This minimizes blood trauma and 
provides adequate oxygenation 
with a gas to blood flow ratio of 
approximately 3/4:1 at normal 
venous blood oxygen saturations. 


Take a closer look at the BOS-10... 
ask your Bentley representative to 
show you a BOS-10 and its many 
other features that add up to the 
ideal oxygenating system. 
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In antisepsis, there is no in-between. DINE Microbicides 
Pathogens are destroyed or they The antiseptic use of BETADINE 





survive. That is why hospital Microbicides has been abundantly BI. 
antisepsis IS no place for compromise documented— specifically by name in m 
with the quality of an antiseptic. Just- hundreds of published reports, | 
one pathogen species missed by encompassing thousands of clinical 
an antiseptic can cause serious procedures. 
problems. l TI x : 
LAN BETADINE Microbicides enjoy the SUPROT AIOP 
icide joy : 
distinction of having been chosen is the best buy 
With BETADINE Microbicides, you by NASA for disinfection pro- Purdue Frederick 
are assured of maximum antiseptic cedures in Apollo splashdowns © Copyright 1978, The Purdue Frederick Company/Norwalk, CT 06856 
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protection, confirmed by more than a and in the Skylab mission. 
billion applications to date. BETADINE With a wide range of forms, 





Microbicides kill a broad spectrum of BETADINE Microbicides enable SETA DINE ANE 
pathogens—both gram-positive you to maintain a consistently high doctmented TERNS 
and gram-negative bacteria (including standard of antisepsis for various a 
antibiotic-resistant strains), fungi, clinical needs throughout the 

viruses, protozoa and yeasts. hospital, enhancing the safety of 


physicians, nurses, patients and 
Illustration is artist's representation of organisms personnel. 
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VASCULAR TOURNIQUET KIT 


The new Argyle Vascular Tourniquet Kit 
is simple, safe and complete. It elimi- 
nates the clutter of clamps during can- 
nulation of blood vessels. Tension can be 
quickly applied or released.When the re- 
taining plug is set, there's no danger of 
slippage. The croppable sheath can be 
readily cut to minimum length required, 
further reducing operative field clutter. 


BE 


BRUNSWICK 





Each sterile Kit contains 2 each of a 
o-inch plastic sheath with a slotted-top 
retainer plug, tourniquet tape, anda 
plastic obturator for drawing the tape or 
suture material through the sheath. 


For more information about this new, 
secure and simple-to-use Vascular 
Tourniquet Kit, contact your Argyle rep- 
resentative or write directly to Dept.A.K. 


A BRUNSWICK COMPANY 


ST. LOUIS, MO. 63103 
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CPI offers new low profile 
sutureless myocardial lead 
with pressure-free release 





The moment of truth. The electrode's in place as Fatigue-resistant alloys. Biocompatible silicone 
you prepare for disengagement of the head from the rubber sheathing. Reliable materials. Reliable 
insertion tool. engineering. 

_ Until now, with sutureless leads you ran the In total, this new concept in sutureless leads is 
risk of pushing or pulling on delicate heart tissue. consistent with CPI leadership in lithium pacemakers 
But CPle has solved that with their new sutureless that continue to set industry standards for 


myocardial lead with pressure-free release. The CPI reliability. Find out more today by writing or calling 
unique design allows you to maintain the electrode CPI toll free, 800-328-9588. 


firmly in position while detaching the electrode Cardiac Pacemakers. Inc 


with a retrograde motion. The head releases easily... 4100 Nort: Hamina Avenue 
without pressure. P.O. Box 43079 

This is only part of the story. CPI engineer/ SP St Paul, Minnesota 55164, U.S.A. 
designers took triple-wound helical coil conductors Telephone: (612) 631-3000 
to provide triple redundancy. They added a 10 mm? Cable: Cardiapace, St. Paul 


Telex: 29-7049 
(91978, Cardiac Pacemakers, Inc. 


corrosion-free 70% platinum-30% iridium electrode. 


OTHERS 
ACTION 


OTHER SUTURELESS NEW CPI I. ! BS 


ECTRODE PROFILE LOW-PROFILE 
FERRUM "a ELECTRODE 


A BUTTON-SLIM SILHOUETTE is significantly lower OLDER METHOD requires 

in height than sutureless leads presently available a pushing action toward the at 
tachment point. The CPI lead 
detaches from the insertion 
tool, witha movement away from 
the heart. 
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everal years ago, we introduced the Datascope 
tem 80 Intra-Aortic Balloon Pump. Since that 

> it has proven itself to be the most reliable system 
1e world. 

Ve just improved on it. With the new Datascope 
tem 82. 

he System 82 is dramatically simpler to 

erstand and to operate. Setting two prominent 

e controls is essentially all that is needed for 

der adjustment. 

o test its simplicity, we gave it to nurses who had 
er seen it before. With no instruction whatsoever, 
/ were able to understand and adjust each control. 
he System 82 is 50% quieter than its predecessor. 
: utilizes a revolutionary Electrosurgical 

rference Suppression Module, ESIS. In most 

ss, this device virtually eliminates RF 

rference due to electrocautery. Which means a 

e reliable triggering signal. 

Ve've also improved the monitor itself. We made 
yn-fade. Which gives it a clearer, more effective 
lay. So you not only get a better display of patient 
i, but also of system control signals. 

iut we didn't change everything. We've kept 

ty of the things that made our System 80 so 
:essful. 
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Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highły portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (20!) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 


Datascope System 82 
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Malleable wire Patented Sentinel 
insert maintains Eye® bisects radio- 
position without paque Sentinel Line® 
painful pleural for x-ray 

fixation sutures location of eyes 








Depth marks Beveled connector Permanent angle Puncture site, no Catheter and sharp 
at 5 cm. intervals eases passage helps relieve larger than trocar enter 
through chest wall catheter pressure catheter chest with 
against lung minimum trauma 





The Standard of Excellence — 


Argyle sets the standard... nine out of ten disposable chest tubes used 
are Argyle catheters. Thin-wall Argyle catheters, made of thermo- 
sensitive, non-porous, non-pyrogenic, transparent vinyl, have satin- 
smooth eyes and tips. Packaged sterile in sturdy Rigidpaks. 


For added convenience and safety, use Argyle catheters 
with Argyle ‘“Double-Seal”™ chest drainage unit, shown else- 
where in this journal. 


Ask your Argyle representative about a trial evaluation of 
the most complete line of thoracic catheters available or 
write department A.K. for additional information. 055 
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InterLith-RP. 


The pacemaker with a 
fail-safe rate programming design. 
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Ittook Intermedics to combine the 
most straightforward, uncomplicated 
rate programming system in the in- 
dustry with the proven reliability of 
CMOS circuitry. Utilizing the superior 
longevity of a lithium-iodine power 
cell, Intermedics now offers you one of 
the smallest, lightest, most comforta- 
ble programmable pacemakers 
available...the InterLith-RP. 

And now, our rate-programmable 
pacemaker carries the same Patient 
Lifetime Replacement Agreement as 
our standard InterLith (models 223 
and 224). One more reason you can 
place your confidence in the 
InterLith-RP. 

This pacemaker, unlike others on 
the market, utilizes circuitry that has 
been uniquely designed to avoid ac- 
cidental reprogramming. This fail-safe 
feature requires the occurrence of two 
simultaneous electrical events; first, 
the magnetic reed switch must be 


closed and secondly, the 
programmer must be activated 
in immediate proximity to the 
pacemaker. The nine program- 
mable rates are 51, 55, 60, 65, 
72, 80, 90, 103 and 120 ppm. 
The rate is incremented from 
one value to the next by simply 
depressing the programming 
button. 

A triumph of design, the 
InterLith- RP is hermetically 
sealed in tissue- compatible 
interference-resistant 316L 
stainless steel and measures 
only 6.0 x 4.6 x 1.5 cm (bipolar unit 
rneasures 6.3 cm in height), permit- 
ting a smaller incision and a more 
cosmetic pocket. All edges are 
smoothly rounded for greatest patient 
comfort. 

The InterLith-RP's universal con- 
nector readily accepts Intermedics’ 
leads as well as most manufacturers’ 
leads without adapters, making it an 
excellent choice when a replacement 
pulse generator is needed. InterLith- 
HP The better programmable 
pacemaker. 

For the location of your nearest 
Intermedics representative, or for 
additional information about our prod- 
ucts, call toll-free 1-800-231-2330. In 
Texas, call collect 1-713-233-8611. 


InterLith is a trademark of Intermedics, Inc. 


Note: The InterLith-RP is currently being clinically 
evaluated. 


©1978 Intermedics, Inc., Freeport, Texas 77541 





INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac 

pulse generators may be indicated for long-term treat- 
ment of impulse formation and conduction disorders 
resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to 
drug therapy. 


PRECAUTIONS Implanted pacemakers have a fi- 
nite and relatively widely variable service life as a re- 
sult of factors such as the initial capacity of the bat- 
tery and the shelf storage time of the manufactured 
pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the percentage of time 
the implanted pacemaker is inhibited; and random 
electronic component failures. 

Pacemaker operation can be influenced by elec- 
tric, magnetic, or electromagnetic energy mimicking 
normal cardiac activity. In addition, certain environ- 
mental sources can couple sufficient energy into a 
pacemaker system to damage the pulse generator. 
Specifically, diathermy should not be used on 
pacemaker patients because of possible total inhibi- 
tion of the pulse generator; electrocautery can inhibit 
and/or damage the pacemaker as well as cause 
burns or possible ventricular fibrillation; defibrillation 
can damage the pacemaker, and the presence of 
the pacemaker may cause increased cardiac mus- 
cle damage from defibrillation. Certain electrical and 
gasoline-powered appliances can cause inhibition 
of an implanted cardiac pacemaker system. 

For complete precautions, see the Physician's 
Manual for the Intermedics cardiac pulse generator 
to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the use of 
pacemakers as a medical method for control of heart 
rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have been 
reported. 





~ Intermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 


Our business is life. 





For further information on the Medtronic Tenax" 
lead family, contact your Medtronic, Inc. 
representative or write for a complete 
technical brochure. 


Medtronic, Inc. 
4055 Old Highway Eight, P.O. Box 1453 
Minneapolis, Minnesota 55440 
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Delicate 


Castaneda infant cardiovascular instruments 
are designed from the beginning for infant surgery. 
They are not scaled down adult instruments. They are uniquely 
delicate, precise, and well balanced. 


Each clamp is individually set to minimize trauma to small 
vessels even when closed to the final ratchet. The 
sternal retractors are entirely new, with shallow conforming blades 
and a low glare finish. The forceps are extra fine (Imm tips) 
and made of light, long-lasting titanium. The smooth jaw Mixter 
minimizes the chance of cutting sutures. 


All told there are ten instruments plus 
the sterilizing case, available as a kit or separately. 
Call us toll free, 800-225-0462, and we'll be happy to demonstrate. 
Codman, Randolph, Mass. 02368. 
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The Angell-Shiley Porcine Xenograft* is unique in that stents of various anatomic shapes are 
employed to closely conform to the natural porcine aortic valve. Over 70 anatomic stent 
configurations, differing in shape and size, are produced from precision castings of actual porcine 
aortic roots. After initial fixation in Purified Glutaraldehyde, each natural porcine aortic valve is 
categor ized on the basis of its individual anatomic features. These features include the natural orifice 
shape; the height, location, and orientation of each commissure: and the size and shape of the right 
coronary cusp. A Delrin* * stent with Dacron**cloth covering is then selected which closely conforms 
to the original anatomic features of each individual porcine valve. This method of considering the 
anatomic characteristics of each porcine valve provides a xenograft mounting technique closely 
retaining the original anatomic configuration and thus providing natural position and support 

for the porcine tissue. 
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EDITORIAL 


The Selection of a Cardiac Valve Substitute 


Russell M. Nelson, M.D., Ph.D. 


The surgeon who replaces a diseased cardiac 
valve today does so knowing that the ideal re- 
placement does not yet exist. The surgeon may 
choose either a mechanical valve, an example of 
human engineering and ingenuity, or a tissue 
valve, which represents man's attempt to 
couple his own ingenuity with that of nature. 
Although these man-made valves have func- 
tioned satisfactorily as replacements, both 
types have limitations. The important papers 
by Davila, Clark, Pyle, and their associates in 
this issue explore the challenge of cardiac valve 
replacement from different perspectives and 
allow us the privilege of adding these view- 
points to the work of others and to our personal 
experience in dealing with these choices. 
Without actually answering the question they 
posed as their title, "Is the Hancock Porcine 
Valve the Best Cardiac Valve Substitute 
Today?," Davila and associates (p 303) report 
their experience with 221 patients followed for 
36 to 75 months after xenograft valve replace- 
ment. Despite only limited or no anticoagula- 
tion in all patients with aortic valve replace- 
ment and in half the patients with mitral valve 
replacement, the overall incidence of throm- 
boembolism remained low (2.24 emboli per 100 
patient years) and valve thrombosis never oc- 
curred. It is not reported whether any of the 19 
patients who sustained the 21 emboli were 
among those who received anticoagulation or 
whether the xenograft valves used early in the 
study had been washed with antibiotics, a pro- 
cedure now known to increase the risk of 
thromboembolism. Bacterial endocarditis de- 
veloped in 10 patients 6 to 62 months after valve 
replacement, but 6 made apparent full recovery 
with appropriate medical therapy. This high 
degree of success in eradicating infection from 
the Hancock valve compares favorably with 
autogenous valves and vastly exceeds that 
achieved by others with mechanical valves. 
Hemodynamic function generally was satisfac- 


From the Division of Thoracic Surgery, University of Utah 
College of Medicine, LDS Hospital, 325 Eighth Ave, Salt 
Lake City, UT 84143. 


tory. The unknown quality of ultimate durabil- 
ity of the xenograft cannot be assessed at this 
time, but Davila and co-workers found that of 
the 13 valves that failed in 10 patients (ap- 
proximately 1 failure per 1,000 valve months), 7 
had been destroyed by bacterial endocarditis. 
Gross and microscopic inspection strongly sug- 
gested infection in 5 more valves, but cultures 
proved negative. "EIS 

In their paper “Hemodynamic Evaluation of 
Lillehei-Kaster and Starr-Edwards Prostheses” 
(p 336), Pyle and associates compared the 
hemodynamic performance of the Lillehei- 
Kaster tilting-disc valve in 71 patients with the 
early model Starr-Edwards valves in 63 pa- 
tients. The Lillehei-Kaster valves functioned 
well with the exception of the smaller sizes; 
valves less than 25 mm in the aortic position or 
less than 27.5 mm in the mitral position had 
relatively high gradients and small calculated 
valve areas. The Lillehei-Kaster valves showed 
no hemodynamic advantage over the Starr- 
Edwards valves, with the possible exception of 
the larger mitral valve replacements. The 
Lillehei-Kaster mitral valves with an outside 
diameter of 28.5 and 32.0 mm demonstrated a 
statistically significantly larger calculated valve 
area in vivo than similar-sized Starr-Edwards 
valves. To show this difference, however, Pyle 
and colleagues had to delete the hemodynamic 
performance values obtained with 3 valves that 
developed limited disc motion secondary to 
thrombus or impingement by ventricular mus- 
cle. These 3 valves represent 16% of the 
Lillehei-Kaster valves in this size range in the 
series, an apparently high failure rate. The 
clinical follow-up presented on these 71 pa- 
tients is not included in this hemodynamic 
study, but is referenced for publication else- 
where. 

In “Durability of Prosthetic Heart Valves” (p 
323), Clark and associates attempted to answer 
the critical question of valve durability by in- 
vitro evaluation of most available cardiac re- 
placement valves, utilizing accelerated fatigue 
testing. Cycling the mechanical valves 33 to 35 
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times per second in a 37°C water bath with 
physiological flows across the valve and a pres- 
sure differential of 100 mm Hg, they could stress 
almost all of the valves to the point of failure. 
They found that the valve components that 
failed in the testing system were the same com- 
ponents that had been reported as failing clini- 
cally. Two valves performed exceptionally well; 
the Lillehei-Kaster tilting-disc valve showed 
virtually no wear after cycling the equivalent of 
nearly 20 years, and the Bjérk-Shiley Pyrolite 
disc valve failed only after cycling the equiva- 
lent of more than 24 years. 

Despite the efficacy of the in vitro testing of 
mechanical valves, the methods of Clark and 
associates did not define the durability of the 
tissue valves. Using a testing medium of 
glutaraldehyde at the concentration used for 
valve storage by the respective manufacturers, 
they subjected the porcine xenografts of 
Hancock and Carpentier-Edwards and the 
Ionescu-Shiley porcine pericardial protheses to 
their system of accelerated fatigue testing. 
Valve failure manifested by multiple leaflet 
fenestrations or leaflet tears or both occurred by 
cycling equivalent to less than 2 years in the 
Hancock and Ionescu valves and less than 1 
year with the Carpentier-Edwards valve. This 
finding seems to be at variance with the clinical 
experience with these prostheses. The authors 
appreciated this discrepancy and analyzed the 
reasons for it. They pointed out that the abso- 
lute consistency of valve leaflet motion within 
the rigid constraints of the testing chamber 
tended to apply repeated stress to the identical 
portion of the valve leaflet with each cycle. In 
vivo, however, the point of leaflet bending 
varies due to changing flow rates across the 
valve, shifts in the annular shape, and pressure 
gradient changes, all of which produce varia- 
tions in human application but were not dupli- 
cated by the testing apparatus. 

Other differences may include possible wear 
acceleration because of the rapid cycling rates 
and the influence of the medium, glutaral- 
dehyde, rather than blood or plasma protein. 
Also, it is possible that the effects of vibration 
at these unphysiologically rapid rates may 
stress tissue valves beyond that which is ex- 
pected at more normal rates. In addition, we 


know that the velocity of motion of leaflets is in 
direct proportion to the forces concentrated at 
any given point for a given fluid flow rate. 
Thus, the “power” acting at any point on the 
leaflet at a given flow rate will be greater if the 
leaflet movement is accelerated. (A string 
breaks more easily when it is "snapped.") 
Therefore, the studies of Clark and colleagues 
could not be expected to quantitate the lifespan 
of the tissue valves. Yet, they leave us with our 
expectation that, in time, tissue valves will 
wear out. 

A cardiac surgeon uses a substitute valve 
only after judging that the patient may live 
longer with these unknown qualities of the re- 
placement compared with the known quality of 
the deformed or worthless valve to be removed. 
An alternative still to be considered is to repair 
the defective valve if possible. In selected pa- 
tients, valve repair may obviate the need for 
any type of replacement valve. Mitral stenosis 
without extensive leaflet calcification or fusing 
of the cherdae tendineae can frequently be re- 
paired, giving the patient several years of ex- 
cellent valve function. However, methods of 
valvuloplasty used in the past for mixed mitral 
stenosis and regurgitation do not appear to 
equal the effectiveness of presently available 
valve replacements. For pure mitral regurgita- 
tion, newer techniques of valvuloplasty may be 
added tc the older techniques of annulor- 
rhaphy, particularly those employing the Car- 
pentier ring. Except for an occasional patient 
with congenital stenosis, aortic valve disease 
does not lend itself well to repair. 

When a valve must be replaced, the selection 
of an appropriate substitute is a matter of indi- 
vidual judgment and consideration. For exam- 
ple, infection appears to be more manageable 
with tissue valves than with mechanical valves, 
suggesting a preference for tissue valves in pa- 
tients reguiring valve replacement because of 
autogenous or prosthetic valve endocarditis. 
Because mechanical prostheses require antico- 
agulant therapy, tissue valves are now pre- 
ferred in those patients for whom anticoagulant 
therapy is inadvisable or contraindicated. Such 
patients include those with peptic ulceration, 
metrorrhagia, liver disease, and intracranial 
problems, as well as the young woman who 
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wishes to bear a child, the individual with an 
occupation or activity subject to trauma, or the 
patient who because of emotional or situational 
factors cannot or will not be able to handle a 
regimen of anticoagulation safely. When a tis- 
sue valve is selected, the advantages of low 
thrombogenicity, lack of noise, and freedom 
from anticoagulation are offset to some extent 
by the prediction of less durability and ultimate 
failure with the possibility of another operation 
in the future. Other circumstances favor me- 
chanical valves. A relatively small annulus is an 
example. Inasmuch as all substitute valves are 
relatively stenotic, this factor assumes critical 
importance in the smaller sizes. Presently avail- 
able tissue valves smaller than 23 mm generally 
should not be used in the aortic position. Al- 
though improvements are being made, the por- 
cine valve xenograft results in a smaller effec- 
tive valve orifice for a given annulus size com- 
pared with certain mechanical valves. For 
example, mechanical valves with an outside 
diameter of 25 mm, such as the Bjórk-Shiley, 


may have almost a 2096 greater in vivo valve 
area than the Hancock or lonescu-Shiley 
heterografts. Other mechanical valves, such as 
the Starr-Edwards and Lillehei-Kaster, have 
calculated valve areas similar to or even smaller 
than the tissue valves and, therefore, offer no 
apparent hemodynamic advantage to the pa- 
tient with a small annulus. The advantage of 
durability is offset to some extent by throm- 
bogenicity, noise, and the need for anticoagu- 


lation when a mechanical prosthesis is selected. — 


It seems advisable to discuss the selection pro- 
cess with the patient, thereby including. his 
views in the matrix of information that must be 
assimilated by the surgeon before making a 
final selection. 

The ultimate responsibility for choosing a 
valve replacement rests with the surgeon. The 
lack of a definite superiority between tissue 
valves and mechanical valves can be frustrat- 
ing. But the availability of several excellent 
valves offers a diversity of options almost be- 
yond our hopes just over a decade ago. 


ORIGINAL ARTICLES 


Conservative Management of the Prolapsed Mitral Valve 


Alain Carpentier, M.D., John Relland, M.D., Alain Deloche, M.D., Jean-Noel Fabiani, M.D., 


Claude D'Allaines, M.D., Philippe Blondeau, M.D., Armand Piwnica, M.D., 
Sylvain Chauvaud, M.D., and Charles Dubost, M.D. 


ABSTRACT  Prolapsed leaflet is the result of rup- 
tured chordae, elongated chordae, or ruptured papil- 
lary muscle. Various techniques adapted to each of 
these lesions were developed, and repair of 213 pro- 
lapsed mitral valves was performed between 1969 
and 1977. There were 109 patients with ruptured 
chordae treated by quadrangular resection of the 
prolapsed leaflet; 103 patients with elongated chor- 
dae were treated by either a "sliding plasty" of the 
papillary muscle or a "shortening plasty" of the 
chordae; and 1 patient with ruptured papillary mus- 
cle was treated by reimplantation. The great majority 
of patients had an associated annular dilatation or 
deformation requiring the use of a Carpentier ring to 
remodel the annulus and reinforce the repair. The 
operative mortality was 4% and the late mortality, 
3%. There were 6 reoperations, 3 of which occurred 
within 1 year. Thromboembolic complications oc- 
curred in only 1 patient (0.5%), even though the 
majority of patients received no anticoagulation 
treatment. Actuarial curves demonstrated a 91% sur- 
vival at 8 years. 


Leaflet prolapse is a major cause of mitral valve 
insufficiency. It may be the result of ruptured 
chordae, elongated chordae, or ruptured papil- 
lary muscle. Since associated calcifications are 
the exception, this type of mitral insufficiency 
can be treated in the majority of patients by 
valve reconstruction. 

During the past 15 years, conservative tech- 
niques have been criticized for the lack of pre- 
dictability and stability of the results [4, 16]. 
Improvements in myocardial protection and 
extracorporeal circulation have fostered the de- 
velopment of more sophisticated methods of 
valve reconstruction that are associated with 
a high degree of predictability [6]. 
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Techniques of Repair 
The basic prerequisites for valve reconstruc- 
tion are (1) complete understanding of the 
anatomy and pathology of the mitral valve, and 
(2) excellent exposure. Exposure of the different 
valvular structures, including the papillary 
muscles, is obtained by the three following ma- 
neuvers: lysis of all pericardial adhesions to 
mobilize the heart; extensive transverse left at- 
rial incision extending posteriorly beneath the 
inferior vena cava; and retraction of the left 
atrium by two Leriche or Deaver-type retrac- 
tors. The anterior papillary muscle is exposed 
through the orifice of the mitral valve by plac- 
ing a laparotomy pad in the pericardium at the 
apex of the heart. The posterior papillary mus- 
cle is exposed by placing the pad in the pericar- 
dium at the diaphragmatic surface of the heart. 
It is critical to understand that mitral insuffi- 
ciency is usually the result of several lesions 
affecting the various structures of the valve. The 
annulus is examined for deformation. Defor- 
mation is present if the anteroposterior diame- 
ter of the orifice is greater than the transverse 
diameter compared with normal. Leaflet mo- 
bility is evaluated by pulling the free edge of 
each leaflet toward the atrium using a nerve 
hook. A prolapsed leaflet is present if the free 
edge of the leaflet overrides the plane of the 
annulus. This can be assessed accurately on a 
beating or tonic heart. If cardioplegia is to be 
used for myocardial protection, it should be in- 
stituted after anatomical analysis. The cause of 
leaflet prolapse may be obvious: ruptured 
chordae, ruptured papillary muscle, or elonga- 
tion of chordae. It may be difficult to determine 
in three instances. (1) An obvious lesion, such 
as chordal rupture, may obscure the presence of 
an associated lesion, i.e., chordae elongation. 
(2) Moderate chordal elongation may be dif- 
ficult to diagnose, and (3) chordal elongation 
may affect only one group of chordae. It is 
helpful in these instances to compare the length 
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Fig 1. Repair of ruptured chordae of the mural leaflet 
(arrows) by extensive quadrangular resection of the 
leaflet tissue (broken lines) and subsequent suture of 
the edges (circle). A prosthetic ring was implanted in 
this patient because the annulus was deformed (left, le- 
sion; right, repair). 


of the different groups of chordae by pulling the 
free edge of the leaflet at the attachment of each 
group of chordae. 


Repair of Ruptured Chordae 

For repair of ruptured chordae of the mural 
leaflet (Fig 1) two guy sutures are placed 
around the normal chordae at the limits of the 
prolapsed portion of the leaflet. The distance 
between these 2 chordae is projected down to 
the annulus. This forms an imaginary square or 
rectangle that corresponds to the prolapsed 
portion of the leaflet. This tissue is then re- 
moved, making a so-called quadrangular resec- 
tion. A horizontal mattress suture is placed in 
the annulus to approximate the free edges of the 
leaflet, which are then sutured using inter- 
rupted 5-0 or 6-0 sutures. A valve replacement 
is necessary if the rupture affects more than 
one-third of the mural leaflet. 

Chordal rupture of the aortic leaflet can be 
treated conservatively only if the rupture is lim- 
ited to those chordae attached to the central 
portion of the anterior leaflet, thus preserving 


Fig 2. Repair of elongated chordae (left) by a "sliding 
plasty” of the posterior papillary muscle and annulus 
remodeling (right). Splitting the tip of the posterior 
papillary muscle and resetting the half of the papillary 
muscle supporting the elongated chordae at a lower 
level allow appropriate tension of the chordae. 


the main chordae which secure both halves of 
the anterior leaflet. A triangular resection is 
mandatory. The triangle of tissue removed is 
twice as high as its base. The free edges of the 
leaflet are subsequently approximated by inter- 
rupted sutures. Since this resection reduces the 
surface area of the anterior leaflet, a prosthetic 
ring, the surface of which corresponds to the 
residual surface area of that leaflet, must be 
implanted. 


Repair of Chordal Elongation 

As with ruptured chordae, chordal elongation 
of the mural leaflet is treated by quadrangular 
resection of the prolapsed part of the leaflet and 
subsequent suturing of the edges. Elongation of 
2 or 3 chordae of the anterior leaflet is treated by 
a "sliding plasty" of the corresponding papil- 
lary muscle (Fig 2). The portion of the papillary 
muscle corresponding to the elongated chordae 
is split longitudinally and is resutured at a 
lower level. The length of the sliding displace- 
ment should correspond to the excess length of 
the chordae, which is judged according to the 
degree of overriding of the leaflet above the an- 
nulus. 
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Fig 3. Repair of marked elongation of all the chordae 
arising from posterior papillary muscles: (1) lesions; (2) 
longitudinal incision of posterior papillary muscle; (3) 
burying of the extra length of the chordae in the papil- 
lary muscle; and (4) closure of the papillary muscle 
around the buried portion of the chordae. 


If all the chordae arising from a papillary 
muscle are elongated, a "shortening plasty” of 
the chordae should be performed (Fig 3). The 
tip of the papillary muscle is incised longitu- 
dinally. A stay suture is passed through the 
chordae at a distance equal to half the ex- 
cess length of the chordae from the tip of the 
papillary muscle. This suture is then passed 
through the papillary muscle at the base of the 
cleft to bury the excess length of the chordae. 
The papillary muscle is then closed around the 
buried portion of the chordae. 


Repair of Papillary Muscle Rupture 

A ruptured papillary muscle may be treated by 
conservative techniques if two conditions are 
present: good contractility of the corresponding 
myocardial wall and localized fibrosis of the 
area in which the papillary muscle is to be 
reimplanted. A guy suture is placed around the 
main group of chordae arising from each papil- 
lary muscle, ruptured and intact. The tension 
on these sutures stretches both groups of chor- 
dae, and, by comparing them, the exact level of 
papillary muscle reimplantation is determined. 
Next, the ruptured papillary muscle is trimmed, 
preserving the fibrous cuff at the apex. A deep 





Fig 4. Repcir of ruptured papillary muscle. The remnant 
of the papillary muscle is buried and fixed in a trench 
in the myocardial wall. 


trench is created in the internal aspect of the 
myocardial wall at a level that provides op- 
timum tension on the chordae arising from the 
ruptured papillary muscle. The remnant of the 
papillary muscle attached to the chordae is 
buried in the trench, which is then closed 
around the buried portion of muscle (Fig 4). 


Annulus Remodeling 

Since annulus deformation and dilatation are 
associated with leaflet prolapse in most in- 
stances, annulus remodeling using prosthetic 
rings is often necessary (Fig 5). The use of 
prosthetic rings also is preferable in a fragile 
annulus, even in the absence of annulus dilata- 
tion, to reinforce the repair, particularly if a 
quadrangular valvular resection has been per- 
formed. The technique of prosthetic ring im- 
plantation has been described previously [5- 
7|, and she only modification to date con- 
cerns the flexibility of the ring. The ring cur- 
rently in use is open at the aortic valve and is 
flexible. The flexibility is selective to preserve 
the remodeling effect of the ring. The pros- 
thetic ring restores the normal shape of the an- 
nulus and selectively reduces the distended 
areas. It also prevents recurrent anteroposterior 
deformation, recurrent annulus dilatation, or 
tearing of the valve suture line. 

The techniques just described are often used 
in combination since associated lesions are fre- 
quent in patients with mitral insufficiency. 
Complex conditions such as ballooning mitral 


297 Carpentier et al: Conservative Management of Prolapsed Mitral Valve 


Fig 5. Annulus remodeling using prosthetic rings. (Left) 
Because of the deformation of the annulus, the an- 
teroposterior diameter is greater than the transverse 
diameter. (Center) Various sizes of flexible prosthetic 
rings allow a measured annuloplasty. (Right) Annulus 
remodeling reshapes the annulus, preserves normal leaf- 
let motion, and prevents recurrent dilatation and an- 
teroposterior deformation. 


valve associated with leaflet prolapse due to 
both ruptured chordae and elongated chordae 
may require several techniques: rectangular re- 
section of the mitral leaflet to correct chordal 
rupture, triangular resection of the anterior leaf- 
let to remove excess valve tissue, "sliding 
plasty" of both papillary muscles to correct 
chordal elongation, and prosthetic ring im- 
plantation to remodel the annulus and reinforce 
the repair. To simplify the repair of the lesions 
in such instances, it is best to use the following 
sequence: (1) leaflet resection without repair, 
which gives better exposure of the subvalvular 
apparatus; (2) "sliding plasty” of the papillary 
muscle or muscles; (3) leaflet suture; and, (4) 
placement of the prosthetic ring. 


Material 

Our experience is with 213 patients operated on 
for mitral valve prolapse between January, 
1969, and December, 1977. During the same pe- 
riod, 12 patients required valve replacement 
for mitral valve prolapse due to massive chordal 
rupture or acute bacterial endocarditis. The 
average age of the 213 patients in the repair 








group was 43 years (range, 2 to 73 years). The 
etiology could be determined in 151 patients. 
Rheumatic fever was responsible for the valve 
lesions in 61 patients (mean age, 36 years); 
myxoid degeneration, 49 (mean age, 52 years); 
fibroelastic degeneration, 30 (mean age, 61 
years); myocardial infarction, 1; and bacterial 
endocarditis, 10, including a 2-year-old child 
(mean age, 32 years). Leaflet prolapse caused 
by congenital mitral valve malformation was ex- 
cluded from this study. All the patients in the 
group with bacterial endocarditis had at least 
six weeks of effective antibiotic therapy. 

According to the New York Heart Association 
(NYHA) Functional Classification, 120 patients 
were in Class IV, 71 were in Class III, and 22 
were in Class II. At the time of operation, 34 
patients were in sinus rhythm. Most of them 
were inthe group with fibroelastic degeneration. 
There were 109 patients with ruptured chordae, 
103 with elongated chordae, and 1 with a rup- 
tured papillary muscle. Associated tricuspid in- 
sufficiency occurred in 44 patients. It was 
treated by prosthetic ring annuloplasty in all 
cases. 


Results 

Nine (496) of the 213 patients died in the hos- 
pital: 6 (396) of them were in the group of 169 
patients who had mitral valve repair and 3 
(7%), the group of 44 who had mitral-tricuspid 
repair. The cause of death was low cardiac out- 
put in 5 patients and, in 1 patient each, myo- 
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Fig 6. Left ventriculogram made two months after oper- 
ation in a patient who had a papillary muscle reimplan- 
tation for rupture of the posterior papillary muscle fol- 
lowing myocardial infarction. It reveals no evidence of 
mitral regurgitation. (A) Diastole; (B) systole. 


cardial infarction, neurological problems, hem- 
orrhage, and arrhythmias. 

Follow-up ranged from two months to 9 years 
(average, 4.5 years). Seventeen patients were 
lost to follow-up. Late death occurred in 6 pa- 
tients (3%). Cause of death was recurrent mitral 
valve insufficiency requiring reoperation (1 pa- 
tient), thrombosis of an aortic valve prosthesis 
implanted 2 years and 5 years, respectively, 
after mitral valve repair (2 patients), noncardiac 
cause (1), and unknown (2). Actuarial curves 
show a 91% survival at 8 years (Fig 6). 

Reoperation for residual or recurrent mitral 
insufficiency was necessary in 6 patients. In 3 
the insufficiency occurred within the first year. 
One patient had rectangular resection of the 
mural leaflet for ruptured chordae, without ring 
implantation. Two days after operation, there 
was a valve suture tear. A mechanical pros- 
thesis was successfully implanted. Another pa- 
tient had recurrent ruptured chordae caused by 
bacterial endocarditis 1 year after operation. 
This patient was treated successfully by me- 
chanical valve replacement. 


No 4 October 1978 


A 6-year-old child suffered from residual mi- 
tral insufficiency. There was persistent prolapse 
of the anterior leaflet because of elongation of 
the chordae arising from the posterior papillary 
muscle. This had not been operated on during 
the first procedure. A "sliding plasty" of the 
posterior papillary muscle was successfully per- 
formed a: the second operation after temporary 
detachment of the prosthetic ring. This patient 
is enjoying a normal life with no mitral insuffi- 
ciency 2 years after the second operation. An- 
other pat:ent was reoperated on 2 years after the 
first operation because of residual mitral insuf- 
ficiency. The prolapsed leaflet was not repaired 
during the first procedure when only a pros- 
thetic ring had been implanted to correct the 
annulus deformation. The valve was replaced 
with a mechanical valve prosthesis at the sec- 
ond operation. One patient had a second pro- 
cedure 3 years after operation for residual mitral 
insufficiency. Only a prosthetic ring was im- 
planted a: the first operation, without repair of 
an important chordal elongation. Valve re- 
placement was successfully performed in this 
patient. Another patient had a second opera- 
tion 2 years after the first because of a prosthetic 
ring dehiscence. A mechanical valve was 
implanted, but the patient died of cardiac and 
renal failure shortly after reoperation. Throm- 
boembolic complications occurred in 1 patient 
(0.4%) even though most of the patients had no 
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Fig 7. Actuarial curves plotting the risks of thromboem- 
bolism, reoperations, and deaihs (number of patients fol- 
lowed, 196). 


anticoagulation except for the initial 2 months 
after operation. 

Long-term follow-up data are available on 93 
patients followed for more than 2 years and up 
to 9 years (average, 5.1 years). Using the NYHA 
Classification, 79 patients were in Class I, 67 
without any medication; 8 were in Class II; and 
6 were in Class III. The best results were in the 
group of patients with ruptured chordae, and 
the poorest results were in the group of patients 
with mitral-tricuspid insufficiency. Ausculta- 
tory findings were normal in 54 patients; after 
operation 3 of them had a residual systolic 
murmur which disappeared following reduc- 
tion in heart size. Thirty-four patients had a 
minimum to moderate systolic murmur that 
remained unchanged from the time of opera- 
tion. In the remaining 5 patients, there was a 
moderate to severe systolic murmur recognized 
immediately after operation that did not 
change. A patient in this group probably will 
require a reoperation ‘because of poor im- 
provement in heart size and functional capac- 
ity. Right heart catheterization, and left heart 
angiography were not performed postopera- 
tively in most patients because functional 
status, heart size, and echocardiography were 
found to be sufficiently accurate to follow them 
properly. Angiocardiography was done in 1 
patient who had a papillary muscle reimplanta- 
tion and showed no mitral regurgitation (Fig 7). 


Comment 

With the exception of ruptured chordae of the 
mural leaflet, in which reasonably good results 
were obtained by previous techniques [10, 11, 


13], lesions responsible for prolapsed mitral 
valve were judged in the past to be either un- 
suitable for repair or were treated by commis- 
sure plication [12, 14, 18, 19], which failed to 
achieve predictable results [1, 3, 4, 9, 17]. There 
has been recent interest in a revival of Belcher's 
technique [2] using either semicircular or cir- 
cular sutures reinforced with a strip or a ring of 
Dacron cloth [8, 9a]. However, these tech- 
niques, which essentially reduce the annulus, 
do not correct the lesions of the subvalvular 
structures that are responsible for the prolapsed 
leaflet syndrome. In ruptured chordae of the 
mural leaflet, the McGoon plication [13] has 
proved to be effective, but it has the disadvan- 
tage of leaving a fold of valve tissue on the 
ventricular aspect, which may lead to valve 
retraction. Triangular resection as described by 
Merendino and associates [14] solves this 
problem, but it may create abnormal tension on 
the free edge of the mural leaflet, which may 
impair valve function. The technique of exten- 
sive quadrangular resection outlined in this 
paper obviates these drawbacks. Since this 
technique effects a reduction in the size of the 
annulus, a prosthetic ring would seem to be 
unnecessary theoretically. However, in 1 of our 
patients, reoperation was necessary on the sec- 
ond day because of dehiscence of the posterior 
leaflet repair that had not been reinforced by 
the insertion of a prosthetic ring. 

Ruptured chordae of the anterior leaflet may 
also be treated safely by conservative tech- 
niques. This remains true even though exten- 
sive portions of the medial chordae may be rup- 
tured. Of 103 patients with ruptured chordae in 
our series, 21 had involvement of the anterior 
leaflet. 

Elongation of chordae was not recognized for 
a long time and was probably responsible for 
many residual insufficiencies following an- 
nuloplasty. In this regard, it is appropriate to 
note that 4 of the 6 reoperations in our series 
were for elongated chordae that were not cor- 
rected at the primary operation. In 1 of these 
second operations, the condition was corrected 
by shortening the chordae. 

The seeming complexity of the techniques of 
chordae shortening may be considerably di- 
minished by training with the cadaver heart 
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[15, 16]. The solidity of the repair using either 
“shortening plasty” of the chordae or “sliding 
plasty” of the papillary muscle may be open to 
question. In our experience, however, none of 
the valves repaired in this manner failed. This 
includes instances of advanced fibroelastic de- 
generation, with extremely thin chordae. Also, 
actuarial survival curves and actuarial reopera- 
tion curves demonstrate that deterioration of an 
initial good result was exceptional. 

Rheumatic heart disease did not progress 
following valve repair in our series. Both fi- 
broelastic degeneration and myxoid degenera- 
tion proved to be a slow process, compatible 
with long-term valve function following re- 
pair. 

Reconstructive procedures may be performed 
in the majority of patients with prolapsed mi- 
tral syndrome. Early operation should be con- 
sidered to assure minimal myocardial impair- 
ment and reversible atrial fibrillation. 
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Discussicn 

DR. HAROLD V. LIDDLE (Salt Lake City, UT): The data 
presented by Dr. Relland demonstrate that conserva- 
tive surgical procedures can produce excellent results 
in the treatment of mitral regurgitation. 

In 1961, my late associate, Dr. Ray Rumel, de- 
signed a mitral repair operation, which previously 
was discussed before this Society. In the Rumel op- 
eration, the leaflets are debrided mechanically with 
rongeurs and curettes and the subvalvular structures | 
are repaired. The annular repair is then accom- 
plished by advancing the posterior leaflet against the 
anterior leaflet in a plane parallel to the central axis of 
the major leaflet, resulting in a competent valve. Cal- 
cification has never been a contraindication to 
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reparative operation. However, the patients I will 
discuss were selected because no calcification was 
present. 

In our experience from 1961 to 1975, in an endemic 
rheumatic area, 71 patients underwent the Rumel re- 
parative procedure for noncalcified, uncomplicated 
mitral regurgitation. Sixty-two patients were rheu- 
matic, 8 had myxomatous degeneration, and 1 child 
had a congenital cleft of the major leaflet. Associated 
valve lesions or left atrial clot or both conditions 
were present before operation in 2796 of patients. 
Five patients (796) died within thirty days of opera- 
tion. 

In our 1977 review, we found that 8 of the surviv- 
ing 66 patients had died late of a variety oz causes 
and 10 patients were lost to follow-up. Before opera- 
tion, 87% of the patients were New York Heart As- 
sociation Functional Class III or Class IV. At an aver- 
age postoperative follow-up exceeding 9 years, 92% 
of the patients followed remain in Class I or Class II. 
No patients have required anticoagulant therapy, 
and there have been no instances of thromboembolic 
complication. Recurrent mitral regurgitation of clini- 
cal consequence developed in 4 patients at 9, 11, and 
14 years after operation. They returned to Class III or 
IV and required reoperation. Recently, 2 more pa- 
tients have required reoperation at 6 and 12 years 
after the initial procedure. More than 80% of the pa- 
tients have been followed for a period exceeding 5 
years, and nearly half have been followed for more 
than 10 years. The 6 patients who had a reoperation 
received porcine xenografts and are either Class I or 
II, two months to 2 years following the second proce- 
dure. 

The Rumel procedure has provided a 10-year 
durability of the valve at an acceptable operative risk, 
free of anticoagulants, with functional rehabilitation 
of more than 9096 of the followed survivors. 

I commend Dr. Relland and his associates for an 
excellent discussion of a mitral repair operation, 
which in its early follow-up appears to be a very 
satisfactory operation. 


DR. JEROME H. KAY (Los Angeles, CA): In more than 
300 patients with marked mitral prolapse without 
major mitral insufficiency we have been able to re- 
pair the mitral valve. The majority of these patients 
had torn or stretched chordae tendineae. I would like 
to stress that there is a low incidence of peripheral 
emboli with repair compared with mitral replace- 
ment. The rate of peripheral embolization in our pa- 
tients with mitral repair for mitral insufficiency is 
0.4% per patient year with repair compared with a 
reported incidence of 2.596 to 596. per patient year 
with the Hancock porcine valve. 

I will confine my remarks to the 7 patients with 
marked mitral prolapse but without mitral insuffi- 
ciency operated on between 7 years ago and four 
months ago. These patients had not done well with 


medical therapy. They were weak and tired and had 
chest pain and marked arrhythmias. One patient was 
on a regimen of 960 mg of propranolol daily with no 
improvement. 

These patients had marked prolapse of the mitral 
valve with pronounced stretching of the chordae 
tendineae. The repair performed was the same as 
that used for patients with mitral prolapse and pro- 
nounced mitral insufficiency. The leading edge of the 
mural leaflet is sutured to the papillary muscle at the 
anterolateral, posteromedial, and middle areas of the 
mural leaflet. This prevents. prolapse of the mural 
leaflet. The anterior leaflet is more difficult to repair. 
Either the posteromedial area or the anterolateral 
area of this leaflet is sutured to the nearer papillary 
muscle. This area is sutured directly down to the 
papillary muscle as with the mural leaflet. We do not 
construct new chordae tendineae. 

All patients with mitral prolapse, with or without 
mitral insufficiency, always have a large annulus. 
The anterior leaflet area cannot stretch because of the 
common origin with the aortic valve. The mural leaf- 
let stretches in all of these patients whether or not 
mitral insufficiency is present. The mural annulus is 
decreased to one-third its previous length by placing 
sutures at the anterolateral and posteromedial area of 
the annulus. Care must be taken not to encroach on 
the area of the anterior leaflet. All 7 of the patients 
under discussion were markedly symptomatic and 
had life-threatening arrhythmias. Five now require 
no medication and the other 2 are on a regimen of 
small doses of antiarrhythmic medication. All are 
notably improved. 


DR. CARLOS DURAN (Santander, Spain): At the Uni- 
versity of Santander, we performed 511 mitral valve 
procedures between January, 1975, and December, 
1977. They comprised 282 replacements (55%) and 
229 conservative procedures (45%). Of the conserva- 
tive procedures, 135 were annuloplasties. 

I wonder what the percentage of conservative pro- 
cedures was in Dr. Relland's group, and whether the 
high percentage we had is due, in their opinion, to a 
different pathology or to a different mental attitude 
on the part of the surgeons. 

Since January, 1975, we have implanted 141 flexi- 
ble mitral rings. There were 2 hospital mortalities 
and no late mortality, to date. However, 6 reopera- 
tions have been done, because of ring dehiscence in 
5 instances. Has Dr. Relland's group experienced this 
same rate of dehiscence? On the other hand, there 
have been no other causes of late deterioration of this 
plastic procedure. Our follow-up is short, but we 
believe that the procedure is very stable. 


DR. JURO WADA (Sapporo, Japan): Greetings, not from 
Sapporo where I was chairman of surgery for the 
last 20 years, but from Tokyo where I am chairman 
of surgery at the Heart Institute of Japan, Tokyo 
Women's Medical College. 
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Before judging which procedure to choose, it is 
necessary to have a clear visualization of macroscopic 
pathological findings. I use a small back mirror 
equipped with a suction tip to see underneath the 
leaflets. Also, by introducing fiberglass cold light 
into the left ventricle while the room light is turned 
off, more findings are visible because of the light 
through the valve tissue. 

I wonder if a slippery heavy suture along the an- 
nulus and tied outside as I advocated in a knotless 
suture technique might not produce the most ideal 
remodeling of the annulus. Is a prosthetic ring for 
remodeling really a needed tool? 


DR. ALFONSO CHISCANO (San Antonio, TX): Dr. Rel- 
land, how do you assess the amount of mitral insuffi- 
ciency just after finishing the repair while doing the 
cardiopulmonary bypass? 


DR. RELLAND: I would like to thank Dr. Liddle for his 
long-term follow-up of the early group of patients 
_undergoing repair by the Rumel technique. The 
low incidence of thromboembolism in a long-term 
follow-up is interesting to note. 

With reference to Dr. Kay’s techniques, I find it 
difficult to understand exactly how his patients could 
have a prolapsed leaflet without miiral insufficiency. 

In answer to Dr. Duran’s first question concerning 
the proportion of conservative procedures to re- 
placement procedures in our series, the proportion 
varied depending on the surgeon. In our group at 
Broussais with 5 principal surgeons, the rate for re- 
constructive procedures is 43%. As Dr. Carpentier’s 
techniques have evolved and as he has developed 
new techniques, the proportion of reparative proce- 
dures in his personal series has probably approached 
70 to 80%. I believe the reason for this is twofold: 
First, Dr. Carpentier considers it important to pre- 

serve the valve and will go to great lengths to achieve 


this. Second, when the cardiologists find a valve that 
can be saved, they refer the patient to Dr. Carpentier. 

As far as the second question about dehiscence is 
concerned, in our series we did have dehiscence of a 
suture p-ication of the posterior leaflet following a 
quadrangular resection for a prolapsed leaflet. This 
occurred within the first 24 hours following opera- 
tion. The annulus in this patient was not deformed or 
enlarged, and we had not put in a prosthetic ring. It 
is our present policy to reinforce the valvular repair 
by placing a prosthetic ring in cases of fragile an- 
nulus, or extensive leaflet resection or both. 

In answer to Dr. Wada's observations on exposure, 
I couldn't agree with him more. When undertaking 
this type of procedure, it is extremely important that 
the expcsure be as perfect as possible. 

There are four steps that we consider to be essen- 
tial for good exposure. The first is lysis of adhesions 
in the pericardium, if present, in order to mobilize 
the heart: the second, an extensive left atrial incision 
that extends posteriorly beneath the inferior vena 
cava; the third, use of two Leriche retractors in the 
left atrium, or Deaver-type retractors as they are 
known ir. the United States; and the fourth, placing a 
laparotomy pad in the pericardium beneath the heart 
either at the apex to bring the anterior papillary mus- 
cle into v:ew or on the diaphragmatic surface to bring 
the posterior papillary muscle into view. 

With reference to Dr. Chiscano's question on as- 
sessing mitral insufficiency following repair, we use 
a simple technique. After having ascertained that the 
vent in the aorta is open and the aorta is clamped, we 
fill a bulb syringe with saline and inject the left 
atrium through the left ventricle. Tensing the left 
ventricle assures that it fills while under pressure, 
thereby effecting closure of the mitral valve. This 
technique gives us immediate proof of either a com- 


plete repair or continued insufficiency. 


ER. am 


Is the Hancock Porcine Valve 
the Best Cardiac Valve Substitute Today? 
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and Joseph W. Lewis, Jr., M.D. 


ABSTRACT Valve replacement with the Hancock 
stabilized glutaraldehyde porcine aortic valve has 
been accomplished in 454 patients. Hospital mor- 
tality (influenced by a high proportion of patients in 
New York Heart Association Functional Class IV) 
was 17.6% (80/454). The first 221 patients discharged 
from hospital were followed for 36 to 75 months after 
valve replacement. There have been 26 late deaths 
among these patients; 88% (195/221) are alive. Of 
these 221 patients, 185 had single-valve replacement, 
(125 mitral and 60 aortic), and 36 underwent 
multiple-valve replacement. | 

There have been 260 valves at risk up to 61⁄4 years, 
which is equivalent to 12,984.5 valve-months or 
1,082 valve-years. Average follow-up is 4.16 years. 
There have been 13 valve failures in 10 patients. In 4 
patients endocarditis was proved to be the cause of 
failure, and in 5 it was suspected; in 1 patient the 
failure is unexplained. The pathological similarity 
between those in whom infection was documented 
and the other 5 is remarkable and raises the question 
of whether low-grade infections may be the cause of 
certain types of valve failure. 


The Hancock stabilized glutaraldehyde »orcine 
aortic valve* is a carefullv standardized prepa- 
ration [4, 24] that allows substitution of diseased 
cardiac valves with the closest possible ana- 
tomical and physiological surrogate. Early ob- 
servations of this preparation in laboratory! and 
clinical uset encouraged its trial at Henry Ford 
Hospital beginning on October 13, 1971. Pe- 
riodic reviews of our patients and reports of 
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others revealed consistently good results [1, 3, 
5—11, 14, 21, 27, 28, 31, 32]. As of January, 1978, 
454 patients have had valve replacement em- 
ploying 545 Hancock stabilized glutaraldehyde 
porcine aortic valves (Table 1). This report ex- 
amines the long-term results observed in the 
first 278 patients operated on 6% to 3 years ago. 


Material 

The 278 patients are divided into three groups 
on the basis of the valves replaced (Table 2). 
There were 123 male and 155 female patients 
ranging from 6 to 77 years old. Distribution by 
age, sex, and New York Heart Association 
(NYHA) Functional Class is shown in Table 3. 

Table 4 shows the distribution of patients ac- 
cording to valve replaced and NYHA Functional 
Class as well as the respective hospital mortality 
rates. Of the 278 patients, 130 (46.896) were in 
Class IV and 132 (47.596) were in Class III. Only 
16 patients (5.8%) were in Class II. There were 
no Class I patients. 

It is apparent from Table 3 that a large pro- 
portion of patients were in the fifth and sixth 
decades of life. The median age for the entire 
group was in the 50-to-60-year range. Cardiac 
cachexia was frequent among Class IV patients. 
Of these, approximately 1696 appeared mori- 
bund or required intensive medical care imme- 
diately before valve replacement. 

At the time of operation 150 patients (53.9%) 
were in atrial fibrillation. Of the 147 patients 
undergoing mitral valve replacement, 103 or 
70.196 were in fibrillation; of the 56 undergo- 
ing multiple-valve replacement, there were 38 
(67.996); and of the 75 undergoing aortic valve 
replacement, there were 9 (12%). 

Cardiac index was 3.2 + 0.74 L/min/m? in 
Class II patients in whom it was measured (n — 
9); 2.3 € 1.1 L/min/m? in Class III patients (n = 
91); and 1.91 + 1.1 L/min/m^ among those in 
Class IV (n — 85). Pulmonary artery systolic 
pressure (at rest) was 33.2 + 7 mm Hg (n = 9), 
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Table 1. Hancock Xenograft Valve Replacements in 454 Patients 
from October 13, 1971, through November 20, 1977? 


Hospital Late 
NYHA No. of Hospital Mortality Late Mortality Survival 
Valve Class Patients Deaths (96) Deaths (96) (96) 
Mitral II 10 0 0 0 0 100 
(N — 241) III 138 8 5.8 5 3.6 90.6 
IV 93 27 29.0 7 7.5 63.5 
Aortic II 24 0 0 0 0 100 
(N = 133) III 56 5 8.9 1 1.8 89.3 
IV 53 16 30.2 10 18.9 50.9 
Multiple III 30 1 9.9 2 6.7 90 
(N — 80) IV 50 23 46.0 4 8.0 46 
Total 454 80 17.6 29 6.4 76 


4Follow-up period: 374 survivors were followed for a total of 1,181.8 pazient years. Average follow-up was 3.16 years. 


NYHA = New York Heart Association. 


Table 2. Hancock Xenograft Valve Replacement in 
278 Patients 3 to 6% Years Ago? 


Valve No. of Patients 
Mitral 147 
Aortic 75 
Multiple 56 

mitral + aortic = 31 

mitral + tricuspid = 18 E 

mitral + aortic + 

tricuspid — 7 
Total 278 


"During the same interval, an aortic prosthesis was inserted 
in 28 other patients and a mitral prosthesis in 6. These pa- 
tients are not included in this study. 


Table 3. Age, Sex and New York Heart Association 
(NYHA) Functional Class at Time of Operation in 
278 Patients Having Xenograft Valve Replacement 


NYHA No.of S% Mean + Median 

Valve Class Patients M F SD (yr) Decade 
Mitral II 7 3 4 39+11 5 
(147) II 84 2% 58 45+11 4 
IV 56 10 46 53414 5 
Aortic II 9 7 2 44+10 4 
(75) IH 30 25 5 48-15 5 
IV 36 — 28 8 57-514 6 
Multiple I 18 7 1 43 0123 5 
(56) IV 38 17 21 5014 6 


Table 4. Hospital Mortality According to Valves 
Replacea and New York Heart Association (NYHA) 
Functional Classification Among 278 Patients 
Having Hancock Xenograft Replacement 3 to 61A 
Years Axo 


Percent 
NYHA No. of of Hospital Percent 
Valve Class Patients Series Deaths Mortality 
All valves II 16 5.8 0 0 
III 132 47.5 5 3.8 
IV 130 46.8 52 40.0 
Total 278 100.0 57 20.5 
Mitral II 7 4.8 0 0 3.3 
III 84 57.1 3 3.6| 
IV 56 38.1 19 33.9 
Total 147 100.0 22 14.9 
Aortic II 9 12.0 0 0 oy 
III 30 40.0 2 67| 
IV 36 48.0 13 36.1 
Total 75 100.0 15 20.0 
Multiple III 18 32.1 0 0 
IV 38 67.9 20 52.6 
Total 56 100.0 20 35.7 


42.9 + 17 mm Hg (n = 95), and 63.5 + 26 mm 
Hg (n = 91), respectively. In patients having 
aortic va_ve replacement (isolated or in combi- 
nation), left ventricular end-diastolic pressure 
was 15 = 7 mm Hg in Class II patients (n = 6), 
16 + 11 mm Hg in Class III patients (n = 34), 
and 22 + 13 mm Hg in Class IV patients (n = 
38). 
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Previous cardiac procedures had been done 
once, twice, and in one instance three times in 
25.5% (71/278) of all the patients. In the mitral 
valve replacement group 34.7% (51/147) were in 
this category, as were 30.4% (17/56) of the multi- 
ple-valve replacement group and 4% (3/75) of 
the aortic valve replacement group. Previ- 
ously implanted prostheses were removed from 
4.3% (12/278) of the patients. 

Concomitant operations were required in 36 
(12.996) of the 278 patients; 13 of them had had 
previous cardiac procedures. Tricuspid plica- 
tion was performed in 13 patients, coronary ar- 
tery bypass grafts in 13, aortic aneurysmectomy 
in 4, mitral commissurotomy in 2, left ven- 
tricular myotomy for idiopathic hypertrophic 
subaortic stenosis in 2, and subaortic mem- 
branous-ring excision and aortic root an- 
gioplasty in 1 patient each. Five other patients 
required pacemakers (3, mitral and tricuspid 
valve replacements; 2, aortic valve replace- 
ment). Preoperative coronary artery disease 
was evident in 33 patients (11.996), and 13 pa- 
tients had a coronary artery procedure at the 
time of valve replacement. 


Method 

All patients in this study were operatec on 3 to 
6% years ago. In the first half of that period, 
coronary perfusion was used routinely when- 
ever aortotomy was required. In the second 
half, we used local myocardial cooling with 
continuous extracardiac and frequent intracar- 
diac bathing with Ringer's solution at 4° to 6°C. 
There is no significant difference in the inci- 
dence of myocardial failure between the first 
and second halves of the series. The last opera- 
tion in this series was in January of 1975, before 
we had adopted the use of cardioplegic so- 
lutions. | 

Surgical techniques were standardized and 
varied only in minor details from surgeon to 
surgeon. 

The size of the valves employed tended to be 
smaller in the first 25 to 3096 of the patients 
operated on in the series. As our experience 
with the Hancock stabilized glutaraldehyde 
xenograft preparation increased, we began to 
use larger valves, especially in the mitral and 
tricuspid positions. Currently, we rarely use 


anything less than a 29-mm valve in the mitral 
and 35-mm valve in the tricuspid position. In 
patients with a small aortic annulus we have 
often resorted to a prosthesis (28 patients in the 
study period). At the request of the referring 
cardiologist we used 6 mitral prostheses and 28 
aortic prostheses early in the series. These 34 
patients are not included in this study. 

Anticoagulation regimens have varied. Pa- 
tients who had isolated or multiple mitral valve 
replacement and who remain in atrial fibrilla- 
tion after the procedure are on a regimen of 
continuous anticoagulation therapy. Those who 
had an extremely large left atrium or a poor 
hemodynamic response initially after operation 
or who might have had bacteremia or endocar- 
ditis have received anticoagulant medication. 
About 2596 never received Coumadin (warfa- 
rin) and in about 2596 anticoagulants were dis- 
continued 3 to 12 months after operation [11]. 
Approximately 8096 of patients who had aortic 
valve replacement received no anticoagulants 
postoperatively. For those who did, the drug 
was discontinued within 3 to 6 months. 


Results 

All patients have been contacted or information 
has been obtained from their families (in cases 
of late death) or physicians. In addition, the 
majority of the patients have been evaluated 
within the past year at Henry Ford Hospital by 
one or more of the surgeons and cardiologists 
involved. 


Hospital Mortality 

Table 4 shows the hospital mortality (death 
within 30 days of operation or directly related to 
operative factors) with respect to the valve 
replaced and the preoperative functional 
classification. It is clear that risk is directly re- 
lated to the patient's condition at the time of 
operation. The causes of death are listed in 
Table 5. The incidence of previous cardiac op- 
erations, concomitant operations, and atrial fi- 
brillation among the 57 hospital deaths was 
45.5% (10/22), 22.7% (5/22), and 95.5% (21/22), 
respectively, for patients undergoing mitral 
valve replacement; 6.796 (1/15), 46.796 (7/15), 
and 40% (6/15), respectively, for patients un- 
dergoing aortic valve replacement; and 3096 
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Table 5. Causes of Hospital Deaths with Respect to Valve Replaced 


and New York Heart Association Class 





Multiple 
Mitral Valve Aortic Valve X Valves 
l————— Percent 
Cause HI IV M IV IV Total of Total 
Myocardial failure 9 1 6 18 34 59.6 
with CAD 3 5 1 9 15.8 
with MI 1 1 1.8 
with extreme pulm. hypert. 1 2 1 4 7.0 
with DIC 1 1 1:8 
Bacteremia, pneumonia, 1 1 2 3.5 
mesenteric thrombosis | 
Ruptured LV I? 1? 2 3.5 
Air embolism 1 1 1.8 
Delayed tamponade 1 1 1.8 
Hypovolemia with tamponade 1 1 1.8 
Bleeding (aortic aneurysmectomy) 1 1 1.8 
Total 3 19 2 l9" 20 57 100 


a Second operation. 
> Third operation; previous prosthesis removed. 


CAD = coronary artery disease; MI = myocardial infarct; pulm. hypert. = pulmonary hypertension; DIC = disseminated 


intravascular coagulation; LV = left ventricle. 


(6/20), 0, and 45% (9/20), respectively, for those 
having multiple-valve replacement. 


Long-term Results 

All living patients (70.1% or 195/278) have sur- 
vived 3 to 6% years. Of the patients who had 
mitral valve replacement, 95% were in NYHA 
Classes III and IV preoperatively. Postopera- 
tively, 9296 of those who left the hospital are in 
Classes I and II. For the patients who had aortic 
valve replacement, 88% were in NYHA Classes 
III and IV before operation, and 8896 are in 
Classes I and Il after the procedure. Of those 
who had multiple-valve replacement, 10096 
were in Classes III and IV preoperatively, and 
88% are in Classes I and II after the proce- 
dure. 

Overall, 49.6% of the patients were in atrial 
fibrillation before the procedure; 78.396 of 
those who left the hospital are in sinus 
rhythm after the procedure. For patients having 
mitral valve replacement, the ratio of normal 
sinus rhythm to atrial fibrillation was 30:70% 
preoperatively and 74:2696 postoperatively. 
For patients undergoing aortic valve replace- 


ment, 12% were in atrial fibrillation before the 
procedure and 396 afterward. Of those having 
multiple-valve replacement, 6896 were in atrial 
fibrillation before the operation and 2996 after 
the procedure. 


Survival 
The actuarial survival curves for each group of 
patients are shown in Figures 1, 2, and 3. Each 
group is subdivided according to NYHA Func- 
tional Class. Curves are plotted both including 
and excluding hospital mortality. In our experi- 
ence [11] functional class is a reliable indicator 
of risk. Other variables such as age, congestive 
heart failure, cardiomegaly, cardiac index, 
ejection fraction, and pulmonary resistance 
index are useful but are less discriminative [9]. 
Figure 4 shows survival curves of all patients 
grouped by functional class, and Figure 5 
shows an actuarial graph in which hospital 
mortality is excluded and no distinction by risk 
categories is made. 

LATE MORTALITY. . Of 26 late deaths, 11 oc- 
curred in patients who had mitral valve re- 
placemert; 10, aortic valve replacement; and 5, 
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Fig 1. Survival among patientis having mitral valve re- 
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Fig 2. Survival among patients having aortic valve re- 
placement. (Dischg. — discharged from hospital.) 
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Fig 3. Survival among patients having multiple valve 
replacement. (Dischg. = discharged from hospital.) 


multiple-valve replacement. The average age of 


these patients at the time of operation was 50 + 
16 years for those undergoing mitral valve re- , 


placement and those undergoing aortic valve 
replacement, and 48 + 17 years for those having 
multiple-valve replacement. The patients who 
had mitral valve replacement lived 1.5 to 57 
months (mean, 19 + 18 months); those who had 
aortic valve replacement, 2 to 58 months (mean, 
27 + 22 months); and those who had multiple- 
valve replacement, 2 to 56 months (mean, 25 + 
22 months). Table 6 summarizes pertinent data 
on the patients who died late. 

Fifteen of the patients died of myocardial 
failure or congestive heart failure, or had 
known coronary artery disease and arrhyth- 
mias. Three died suddenly of unknown causes. 


Postoperative embolus occurred in 6 patients 
and contributed to the death of 4. Three pa- 
tients died as a consequence of subacute bacte- 
ria endccarditis with destruction of the im- 
planted porcine valves. Two patients died of 
cancer ard 1 of pulmonary infarction. 

THROM3OEMBOLISM. Among the 125 pa- 
tients discharged from the hospital after mitral 
valve replacement, 11 long-term survivors had 
embolic episodes: 4 before leaving the hospital, 
3 within 1 month of operation, and 4 within 6 
months to 2 years after the operation. Added to 
the 3 patents with embolism in the late death 
group, the total number of embolic episodes in 
the group having mitral valve replacement is 16 
in 14 patients. The follow-up period for this 
group totals 6,698.5 patient-months or 558.2 
patient-years (mean, 4.47 years). The incidence 
of embolism is 2.87 emboli per 100 patient- 
years or (1.02996 per year (Fig 6A). 

Among 60 patients discharged after aortic 
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years or 0.013% per year (Fig 6B). 

Among 36 patients discharged after multiple- 
valve replacement there were 2 emboli in 2 pa- 
tients. The follow-up period is 1,757 patient- 
months or 146.4 patient-years (mean, 4.07 
years). The incidence of embolism is 1.366 em- 
boli per 100 patient-years or 0.014% per year 
(Fig 6C). | 

The total number of patients at risk is 221 
during a follow-up period of 11,267.5 patient- 
months or 938.96 patient-years (mean, 4.25 
years). The overall incidence of embolism is 21 
emboli in 19 patients, 2.24 emboli per .100 
patient-years, or 0.022% per year (Fig 6D). 





YEARS 


Fig 5, Survival among patients having mitral (MVR), 
aortic (AVR), and multiple- (Mult.) valve replacement, 
excluding hospital mortality. 


Valve thrombosis has not been observed in 
our entire experience. 

INFECTION (VALVE ENDOCARDITIS). The sub- 
ject of Hancock valve endocarditis has been dis- 
cussed in a previous publication [20]. Among 
the patients in this study, 10 had endocarditis 
of the Hancock stabilized glutaraldehyde valve 
within 6 to 62 months after operation. Six were 
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Table 6. Late Deaths ` 











NYHA 
Class Embolus, Cause Condition 
Valve Age, Preop. Preop. Survival Interval to of of 
Replacement Sex Postop. AF (mo) Death (mo) Death Comment Valve 
Mitral 48, F IVAV + <2 CVA, 1.1 CVA, CHF Myo. pulm. he- ? 
patic dis. 
52, M IVAV + 6 0 CHF Prosthesis re- ? 
moved 
56, M III 0 7.5 0 CAD CABG Excellent 
53, M IVIV * 8 CVA, 2 CVA, CHF Prosthesis and ? 
embolus previ- 
ously 
6, F IVIV 0 12 0 CHF Myocarditis Excellent 
50, F IDAN 0 9 0 Arrhythmia CAD, CABG ? 
55, M mA + 17 0 CA lung, DE ? 
metastases 
41, F IV/II 0 24 ? Unexplained Sudden death ? 
59, F IVIV + 24 CVA, 16 CVA, ASHD . Preop. CVA Excellent, minute 
Candida vegetation 
66, F Ii 0 48 Unexplained Sudden death ? 
59, F IVA + 57 0 MI ite ? 
Aortic 54, F IMAI 0 2 0 Unexplained Pacemaker ? 
54, M IVAV 0 5 0 Myocardial E ? 
failure 
54, M IVAI 0 8 0 Arrhythmia CAD ? 
51, M IVI 0 11 0 Arrhythmia CAD ? 
52, M IVE - 0 14 0 SBE Reop. at 12 mo Destroyed 
62, M IVAN 0 25 0 Arrhythmia CAD [4 
33, F IVA + 42 0 SBE Reop. at 42 mo Destroyed 
65, F IV/II + 43 CVA, <1 Arriythmia CAD had CABG ? 
48, M IV 0 57 CVA, «1 Myocardial No residual ? 
failure CVA 
66, M IVA 0 58 0 Myocardial oe ? 
failure 
Multiple 36, M IVAI + 2 0 Arraythmia M+A Excellent 
25,M IHAN 0 8 CVA, <1 Sudden M+A Excellent 
57, F IVA 0 21 0 CA abdom M+A+T ? 
69, F IVAL 0 36 0 SBE M+A Destroyed 
52, F IVITI ‘0 56 0 Pulmonary M+A ? 
embolus CAD+CABG 


NYHA = New York Heart Association; AF = atrial fibrillation; CVA= cerebrovascular accident; CHF = congestive heart failure; Myo. pulm. 
hepatic dis. = myocardial pulmonary hepatic disease; CAD = coronary artery disease; CABG = coronary artery bypass graft; CA = cancer; 
ASHD = arteriosclerotic heart disease; MI = myocardial infarction; SBE = subacute bacterial endocarditis; M = mitral; A = aortic; T = 


tricuspid. 


treated medically with full apparent recovery. 
Five are alive at this writing; 1 (a drug-abuse 
triple-valve patient) has multiple leaks in the 
valve, and the other 4 are well. The patient who 
died after medical treatment survived 2 months 
after what was thought to be a satisfactory re- 
covery from infection. This patient had persis- 
tent congestive failure throughout the post- 
operative course with frequent exacerbation. 
One patient had medical treatment before 
‘planned replacement of aortic and mitral valves 
‘but died unexpectedly before operation. An- 


other patient obtained little relief following 
mitral valve replacement. She was in NYHA 
Class IV before operation and in Class III after 
replacement. She had an old cerebral vascular 
accident and suffered a second one after opera- 
tion, which is classified as embolic. The patient 
died in congestive heart failure 2 years after 
replacement. The valve had several very small 
nodules on the leaflet edges which contained 
hyphae. The leaflets were otherwise intact. 
Three patients had subacute bacterial en- 
docarditis 12, 40, and 42 months after aortic 
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Fig 6. Rate of freedom from embolus among patients 
having (A) mitral, (B) aortic, and (C) multiple-valve re- 
placement as well as (D) all 221 patients having valve 
replacement who were discharged from the hospital 
(Dischg.). 


valve replacement and underwent a second op- 
eration. One died at reoperation (massive 
aortic-root abscess precluded repair), 1 died 2 
months after recovery from reoperation, and 
the third is alive and well 9 months after reop- 
eration and 49 months after the original valve 
replacement. | 
REOPERATION. Reoperations are summa- 
rized in Table 7. In addition to 1 of the 3 pa- 
tients who had subacute bacterial endocar- 
ditis, 4 others (1, aortic valve replacement, and 
3, mitral valve replacement) survived reopera- 
tion 48 (aortic valve-replacement patient), 56, 


placement. In these patients the gross and mi- 
croscopic appearance of the destroyed valves 
was comparable with those in which infection 
was proved. However, in these 4 patients, no 
other confirmatory clinical or laboratory evi- 
dence of infection was found. They are alive 
and well 2, 3, 4, and 23 months after reopera- 
tion. In the 3 patients who had mitral valve re- 
placement a new Hancock stabilized glutaral- 
dehyde valve was implanted; for the patient 
who had aortic valve replacement (done else- 
where), a Starr-Edwards valve was used. 

One patient suffered valve failure 12 months 
after aortic valve replacement. At reoperation 
one cusp of the porcine valve had a central slit 
which had the appearance of a clean knife-cut. 
The remainder of this leaflet and the other two 
were intact. Microscopic examination of the 


specimen showed no notable alterations of; (e 
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Table 7. Reoperation 











Preop. Interval Long-Term 
Postoperative No. of NYHA to Reope-- Immediate Result 
Complication Patients Class ation (mo). . Result (NYHA Class) 
Mitral valve replacement 
Paravalvular leak 2 HI 1 Survived Í 
IH 12 Survived I 
Proved valve endocarditis 0 
Suspected (unproved) 3 IV 60 Survived II 
valve endocarditis III 56 Survived II 
III 68 Survived I 
Paravalvular aneurysm 1 HI 10 Survived I 
Aortic valve replacement 
Paravalvular leak 1 IV 12 Survived III 
Proved valve endocarditis Il 12 Survived Late death 
IV 40 Survived H 
IV 42 Operative death 
Suspected (unproved) E. IH 48 Survived I 
valve endocarditis 
Unexplained valve failure 1 IV 12 Survived I 
NYHA = New York Heart Association. 
slit. The patient received a Bjórk-Shiley pros- 100 
thesis and is alive and well 42 months after the 
second operation. A MVR 125 
Four other patients required reoperation for 90 AVR 60 
paravalvular leaks (2, mitral valve replacement, MULT. 36 
and 1, aortic valve replacement). The Hancock 4 = 22] 


stabilized glutaraldehyde valves were intact at 1 
month in 1 patient and at 1 year in 2 patients. 
The fourth patient, who had had a mitral valve 
replacement, had a paravalvular aneurysm 
which encroached on the circumflex coronary 
artery. She was reoperated on 10 months after 
the intial replacement. All 4 patients are alive 
after reoperation; 3 are well and the 1 who had 
aortic valve replacement experiences intermit- 
tent episodes of congestive heart failure and 
probably has recurrent paravalvular leak. 
OVERALL SURVIVAL WITHOUT MAJOR MOR- 
Bipiry. Of all the patients who left the hospi- 
tal, 70.1% (195/221) are alive. At the end of the 
follow-up period, the overall rate of freedom 
from death, embolism, infection, reoperation, 
or other major morbidity related or unrelated to 
operation is 76.3% for the multiple-valve re- 
placement group and 72.9% each for the mitral 
valve replacement and aortic valve replacement 


groups (Fig 7). 
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Fig 7. Rate 2f freedom from death, embolus, reopera- 
tion, and ali major complications in all patients dis- 
charged from the hospital. (MVR = mitral valve re- 
placement; AVR = aortic valve replacement; MULT. = 
multiple-va ve replacement.) 


Valve Failure 

Among the 221 patients who left the hospital, 
260 valves were at risk for a total of 12,984.5 
valve-months or 1,082 valve-years (mean, 4.16 
years). Trere have been 13 valve failures in 10 
patients (Table 8). In 4 patients (7 valves) bacte- 
rial endocarditis was documented. The inci- 
dence of valve failure due to proved infection is 


MVR & AVR 72,9 
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Table 8. Valve Failure 








Interval 
Valve Hemodynamic to Failure Infectious 
Cause Position Manifestation (mo) History 
Proved Aortic Leak 12 . 0 
bacterial Mitral + aortic + Leak 34 Drug abuse 
endocarditis tricuspid 
Mitral + aortic tenosis 36 0 
Aortic Leak 42 Dental extraction 
Suspected Aortic Leak 40 0 
endocarditis Aortic Leak 48 0 
Mitral Leak 56 0 
Mitral Leak 60 Frequent upper respiratory 
infection 
Mitral Leak 68 Pilonidal cyst 
Unexplained Aortic Leak 12 0 


0.647 failures per 100 valve-years, or 0.0065% 
per year. There were 5 valve failures in 5 pa- 
tients in whom infection was suspected on the 
basis of gross and microscopic examination of 
the valves, but was not otherwise documented. 
The incidence of failure of this type is 0.461 
failures per 100 valve-years, or 0.004696 per 
year. The incidence of unexplained failure (1 
valve in 1 patient) is 0.09 failures per 100 
valve-years, or 0.000996 per year. 

In the 4 patients with proved infection, 4 
valves were in the aortic position, 2 were in the 
mitral, and 1 in the tricuspid position. The 
follow-up interval from replacement to failure 
in this group is 228 valve-months (mean, 32.6 
months). In the 5 patients with suspected in- 
fection, 3 valves were in the mitral position and 
2 in the aortic. The follow-up interval is 272 
valve-months (mean, 54.4 months). The unex- 
plained failure had a follow-up period of 12 
months. | 


Comment 

On the basis of survival, comparisons of results 
using the Hancock stabilized glutaraldehyde 
bioprosthesis with other devices or prepa- 
rations will require data expressed in such a 
way that similar groups of patients (i.e., equal 
clinical profile and risk) are matched. It is prob- 
able that at the 5- to 6-year follow-up, the dif- 
ferences in survival between patients with 


Hancock and other good valve substitutes will 
be small. The principal advantages of the Han- 
cock stabilized glutaraldehyde porcine valve 
(and possibly other bioprostheses) are freedom 
from anticoagulation [22] in many cases, insig- 
nificant or undetectable degrees of hemolysis 
[25], and excellent hemodynamic performance 
[2, 9, 11, 12, 15, 16, 18, 19], especially in the 
atrioventricular positions. There may be an ad- 
vantage with regard to the problem of valve 
endocarditis [20]. The incidence of thromboem- 
bolism [6—8, 21, 27], of late mortality, and of late 
complications is among the lowest attained 
with any valve substitute [1, 6, 10, 11, 27]. The 
potential for opportune re-replacement in cases 
of valve failure appears better than with devices 
that fail catastrophically. 

In mitral and tricuspid positions, the Han- 
cock stabilized glutaraldehyde porcine valve 
is anatomically superior to mechanical pros- 
theses. It provides central flow with minimal 
disturbance [23], a larger effective orifice, and 
insignificant encroachment into the ventricles. 
In the aortic position, the most important ad- 
vantage is that of virtually eliminating the need 
for anticoagulants. In the small aortic annulus, 
however, the bulky stent poses problems. We 
still elect to use a prosthesis unless a 23-mm, or 
larger, Hancock stabilized glutaraldehyde valve 
can be implanted. 

The criterion by which the question posed in 
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this paper’s title may be answered is durability. 
Valve failures have appeared at intervals of 12 
months to more than 5 years. The incidence of 
failure is still remarkably small. The difference 
in the interval-to-failure between instances of 
proved endocarditis and suspected endocar- 
ditis may be important. Perhaps the limit of 
durability is being approached [13, 26, 29, 30]. 
On the other hand, the sole instance of failure 
without evidence of infection occurred at only 1 
year and may represent a form of random fail- 
ure. 

The possibility that infection may be a major 
determinant of valve failure at the present 
follow-up interval demands urgent investiga- 
tion. If this is so, it may be necessary to inten- 
sify efforts to control infection by an even more 
aggressive approach to eradication of infective 
foci and by some appropriate program of anti- 
biotic prophylaxis. 

The similarity in the incidence of failure by 
documented versus suspected infection, the 
pathological similarity between the valves of 
the two groups, the impression that histological 
damage seems localized to the zones support- 
ing florid vegetations while portions of the 
leaflets free of vegetations appear intact, and, 
finally, the fact that a background of infection 
was probable in 2 of the suspected instances 
(pilonidal cyst and frequent upper respiratory 
infection) may lend some validity to the suspi- 
cion that the undocumented failures have an 
infectious basis. If so, one must postulate that 
not only is valve endocarditis a hazard in pa- 
tients sustaining acute and massive bac- 
teremias, but possibly that chronic low-grade or 
unusual or nonbacterial infections may produce 
destructive lesions over a longer period (32.6 
versus 54.4 months) and without eliciting the 
acute and intense febrile response characteristic 
of bacterial endocarditis. 

Microscopic examination of numerous spec- 
imens at various intervals after implantation 
show small, thin fibrinous deposits on the leaf- 
let surfaces (most often on the concave face). 
It is possible that these small thrombi (probably 
caused by platelet agglomeration) may undergo 
calcification and that such calcific plaques (veg- 
etations) could damage the underlying tissues. 
Such a process suggests the possible prophy- 
lactic use of anti-platelet-adhesiveness drugs. 


Elucidation of the possible role of immuno- 
logical m2chanisms, of the potential of unusual 
[17] or nonbacterial infection of the pathogene- 
sis of acute and chronic bacterial infection af- 
fecting Eioprotheses, and clarification of the 
biophysical and biochemical processes asso- 
ciated w:th degradation of "tanned" collagen 
and elastin may provide the definitive answer 
to the question at hand. 
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Discussion 

DR. JOHN J. COLLINS (Boston, MA): Our experience 
with Hancock porcine valves began in 1972. Through 
December, 1976, we have implanted 1 or more por- 
cine valves in 323 patients, with an operative mor- 
tality of 5.696. Actuarial analysis, including operative 
mortality risk, shows a probability of survival to 4 
years of 8896 in 152 patients after aortic valve re- 
placement. This is better than results reported with 
prosthetic devices and probably reflects the low risk 
of embolism as well as the absence of the risk carried 
by anticoagulation. 

Survival has been significantly improved with 
porcine valves in the mitral position as well in our 
experience. In patients with sinus rhythm we have 
not observed any instance of embolism despite ab- 
sence of anticoagulants. In patients with atrial fibril- 
lation, the incidence of embolism was lower with 
porcine valves but sufficient to cause us to recom- 
mend anticoagulation for this group. 

We have seen 6 valve failures in this series: 2 with 
thrombosis, 1 with a disrupted leaflet, and 3 with 
calcification. Of the calcified valves, 2 were in a pa- 
tient on dialysis. Perhaps the calcium flux of uremic 
patients should engender caution in selection of por- 
cine valves for these people. 

At this point we agree with Dr. Davila that the 
glutaraldehyde-preserved porcine bioprosthesis has 
alow thromboembolic potential and probably should 
be the valve of choice for most patients. 


DR. MELVIN RAY PLATT (Dallas, TX): In general, we 
have been pleased with the porcine valve. However, 
the 2 failures we have had merit discussion. A 53- 
year-old man had had a 25-mm Hancock valve for 33 
months before he was seen in the hospital in conges- 
tive failure. During the next forty-eight hours, it 
progressed to profound pulmonary edema. In the 
catheterization lab, areas of calcification were seen in 
several portions of the valve structure, and at fluoros- 
copy the calcium was seen to move with systole and 
diastole. 
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Unfortunately, we did not recognize this until ret- 
rospectively, and the patient had cardiac arrest with 
the first injection of dye and could not be resusci- 
tated. The valve was severely calcified with large 
excrescences that obstructed all three leaflets. An in- 
flow view of the valve showed the same phenome- 
non, with calcific obstruction of the valve orifice. 

The second patient with valve failure was a 23- 
year-old man who had a Braunwald-Cutter valve in- 
serted following blunt trauma with dehiscence of the 
right aortic cusp. Three years later, ironically, the 
Braunwald-Cutter valve was replaced because of the 
possibility that the poppet might degenerate. Aortic 
root enlargement was done to accommodate a 25-mm 
Hancock valve. The patient recovered and returned 
to work. Nine months later he was admitted to the 
hospital with a twelve-hour history of shortness of 
breath, which progressed to cardiogenic shock dur- 
ing the first six hours after admission. We saw him 
during the last forty-five minutes of his life when he 
was essentially moribund; attempts at resuscitation 
were unsuccessful. Postmortem examination re- 
vealed bland thrombus completely filing and 
obstructing all three cusps, with no thrombus on the 
aortic root patch or the cloth portion of the valve. 

Anticoagulants were not used in either patient. 
Neither had metabolic abnormalities, and the first 
patient specifically did not have hypercalcemia. We 
have never used antibiotics to wash the porcine 
valves. The aortic ejection murmur heard in these 
patients was attributed to inherent turbulence in the 
valve rather than the outflow obstruction that we 
found postmortem. 

The point I wish to make is that degeneration of 
the valve usually results in insufficiency, for which a 
planned operation can be electively performed. But if 
degeneration results in obstruction, as in the 2 pa- 
tients just discussed, rapid deterioration can occur 
that requires recognition and an emergency opera- 
tion. 


DR. JOHN RELLAND (Paris, France): I would like to 
report briefly on our 10-year experience at the Brous- 
sais Hospital. During 1968 to 1972, valves prepared 
in Dr. Carpentier's research laboratory were used 


and preserved either with glutaraldehyde (16 valves) 
or oxidized glutaraldehyde (102 valves). As results 
proved encouraging and as valves became commer- 
cially available, a larger number of valves were used 
between 1272 and 1978: 342 from Hancock Labora- 
tories, 295 from Edwards Laboratories, and recently 1 
from Shiley Laboratories. 

Our resilts with the commercially available valves 
confirm wnat the authors have presented, that is, a 
low incidence of valve-related complications which- 
ever commercial laboratory produced the valve. 
More important, the experimental series indicated 
that even though the valves were prepared in an 
artisan fashion, 3 out of 7 valves were still func- 
tioning after 10 years. The results were not as good in 
the oxidized glutaraldehyde series because of a 
higher inc-dence of calcification. 


DR. DAVILa: I thank the discussants for their kind 
comments. Indeed, we have a lot to learn not only 
about hemodynamics but about how and why valves 
fail. 

Examination of a photomicrograph from a patient 
who had tacterial endocarditis revealed florid veg- 
etations aftecting the leaflets of the porcine valve. In 
the portions of the leaflets that were not support- 
ing the larze vegetations, the structure of the leaflet 
remained intact. This means that destruction of leaf- 
let tissues occurs in the portions where the vegeta- 
tions are based. That is where there is degeneration 
and lysis of collagen and perhaps saponification 
and calcification. These preliminary observations 
of the changes that occur suggest that we need to 
do more to explain not that valves fail—all valves 
fail—and not necessarily when they fail, but why 
they fail, in order to try to find methods to correct 
these processes. | 

The elucidation of the possible role of im- 
munogenic mechanisms, the potential of unusual or 
nonbacterial infections, and the pathogenesis of 
acute and chronic bacterial infections are going to be 
very impcrtant, I think, in the fate of bioprostheses. 
Perhaps low-grade infections that elicit none of the 
clinical menifestations of classic bacterial endocar- 
ditis will rlay a larger role than we think. 


Thrombosis and Degeneration 
of Hancock Valves: Clinical and Pathological Findings 
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Andrew J. Wilson, M.D., M. Gokuldas Adappa, M.D., 


and Frank Gerbode, M.D. 


ABSTRACT Of 415 Hancock valves implanted in 
370 patients, 26 valve specimens were recovered at 
postmortem examination and 8 at reoperation. In 9 of 
these 34, thrombosis had formed without apparent 
alteration of the heterograft tissue (Group A). All 
were mitral prostheses, and the thrombi were at- 
tached to the sewing ring. Six of the patients died in 
the early postoperative period following prolonged 
low cardiac output syndrome and coagulation dis- 
turbances. Three patients had late valve thrombosis 
12 to 26 months after operation and were in chronic 
atrial fibrillation with a very large left atrium. Four 
valve specimens (Group B) demonstrated degen- 
erative changes of the heterograft leaflets such as 
shrinkage, perforation, and calcification. The clin- 
ical courses and possible pathogenesis are discussed. 


The Hancock porcine heterograft valve has 
demonstrated remarkable durability and rela- 
tive paucity of valve-related complications in 
the eight years since its introduction [5]. This 
is in marked contrast to the history of mechani- 
cal valves and earlier tissue valve substitutes [5, 
10, 15]. Different modes of tissue preservation 
seem to be the most important factor in this 
improvement. There are, however, valve- 
related complications with the Hancock pros- 
thesis, some of which are fatal. In this review 
we describe the pathological findings of Han- 
cock valves removed during reoperation or at 
postmortem examination. 


Material 

Between September, 1974, and September, 
1977, 415 Hancock valves were implanted in 
370 patients at Pacific Medical Center. Two 
hundred eighteen were implanted in the aortic 
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position, 190 in the mitral position, and 7 in the 
tricuspid position. Twenty-one patients died 
without clinical evidence of valve failure, but 
no postmortem examination was performed. 
Postmortem examination with careful scrutiny 
of the xenografts was done on 26 patients. Six- 
teen of the tissue valves in these patients were 
found to be functioning normally without evi- 
dence of pathological changes. Eight Hancock 
valves were replaced at reoperation. Five of 
these did not show structural changes or 
thrombosis and were replaced for three rea- 
sons: exogenous bacterial endocarditis (2 
valves), perivalvular leaks (2 valves), and too 
small an orifice (1 valve). Valve thrombosis, de- 
generation, or both were demonstrated in 13 of 
the 34 valve specimens obtained at postmortem 
examination and reoperation. 

Based on these findings, two groups of pa- 
tients were formed. In Group A there was valve 
thrombosis without apparent alterations of the 
valve tissue (9 patients). In Group B degenera- 
tive alterations of the valve tissue were evident 
(4 patients). 


Case Reports: Group A 

PATIENT 1. A 71-year-old man had an acute 
myocardial infarction with papillary muscle rup- 
ture. He had low cardiac output syndrome for 
5 days, but was in sinus rhythm. Emergency 
mitral valve replacement (No. 27 Hancock 
valve) and posterior aneurysmectomy were per- 
formed. He died 6 hours after operation. At 
postmortem examination, complete obstruction 
of the valve prosthesis by membranous throm- 
bus (Fig 1) was found. 

PATIENT 2. A 68-year-old man had mitral 
regurgitation and coronary artery disease. He 
also experienced chronic atrial fibrillation. Mi- 
tral valve replacement (No. 27 Hancock valve) 
and aortocoronary bypass were performed. 
Postoperative acute pancreatic necrosis and 
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Fig 1. (Patient 1.) Atrial view of complete obstruction of 
a Hancock mitral prosthesis by membranous thrombus. 
The patient had an acute postinfarction papillary mus- 
cle rupture and had been in a low-output state for 

5 days. Transventricular insertion of the valve was per- 
formed after infarctectomy. The patient died 6 hours 
after the implantation. 


septic shock developed, and he died 2 days after 
operation. At postmortem examination, a cir- 
cumferential thrombus extending from the 
prosthetic ring into the free wall was found. 

PATIENT 3. A 60-year-old man with mitral 
stenosis and sinus rhythm underwent mitral 
valve replacement (No. 27 Hancock valve). 
Intraoperative hemorrhage occurred, resulting 
in massive transfusion and disseminated in- 
travascular coagulation. Because of low-output 
syndrome, the patient was administered vaso- 
pressors and given intraaortic balloon support 
for 3 days. Renal failure ensued, and the patient 
died 3 days after operation. Postmortem exam- 
ination revealed semilunar thrombus on the 
prosthetic ring, with partial obstruction of the 
orifice, and multiple emboli. 

PATIENT 4. A 50-year-old man had severe 
postrheumatic aortic and mitral valve stenosis 
and renal insufficiency. He underwent aortic 
and mitral valve replacement (both, No. 27 
Hancock valves). The postoperative course was 
complicated by tachycardia. Heparin and sub- 
sequently warfarin were administered. The pa- 
tient had thrombocytopenia (lowest platelet 
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count, 10,000) and diffuse petechiae. Septic 
mediastinitis and rupture of the aortic suture 
line were found on the eleventh postoperative 
day. Postmortem examination revealed an un- 
remarkable aortic prosthesis. However, the mi- 
tral valve showed almost complete obstruction 
by organized thrombus on the atrial side. There 
was no endocarditis. 

PATIENT 5. A 58-year-old woman underwent 
a fourth mitral valve reoperation. She had 
chronic atrial fibrillation. Mitral and tricuspid 
valve replacement (both, No. 27 Hancock valves) 
was done. Coagulopathy with heparinlike auto- 
antibodies developed. She had low-output 
syndrome for 13 days and respiratory insuffi- 
ciency. A cerebral embolus occurred, and the 
patient died 13 days after the procedure. At 
postmortem examination atrial thrombi extend- 
ing from the ring were found. 

PATIENT 6. A 64-year-old woman had a third 
mitral valve operation. She had chronic atrial 
fibrillation. Mitral and tricuspid valve replace- 
ment (both, No. 27 Hancock valves) was done, 
resulting in multiple transfusions, dissemi- 
nated intravascular coagulation, and low- 
output syndrome for 5 days. Respiratory insuf- 
ficiency developed. Renal and hepatic failure 
occurred. and the patient died 37 days after op- 
eration. Postmortem examination revealed a 
fibrinous thrombus on the prosthesis and mul- 
tiple emboli. 

PATIENT 7. A 52-year-old man with chronic 
atrial fibrillation had a mitral valve replacement 
(No. 29 Hancock valve), and his postoperative 
course was stable. No anticoagulation therapy 
was necessary. Congestive heart failure de- 
veloped 10 months after operation. The patient 
died 12 months after operation after a cerebral 
embolus and low-output syndrome. At post- 
mortem examination, partial obstruction of the 
prosthes:s by a thrombus of varying age was 
found. 

PATIENT 8. A 71-year-old woman with 
chronic atrial fibrillation underwent a mitral 
valve replacement (No. 29 Hancock valve). She 
had an uneventful postoperative course; no 
anticoagulants were administered. Congestive 
heart failure developed 16 months after the pro- 
cedure, and she died 10 months later. Postmor- 
tem examination revealed subtotal obstruction 
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of the valve prosthesis by a large atrial throm- 
bus. 

PATIENT9. A54-year-old woman with severe 
mitral stenosis and chronic atrial fibrillation 
underwent mitral valve replacement (No. 31 
Hancock valve). The postoperative course was 
unremarkable. She received long-term warfarin 
therapy that was poorly controlled. There were 
three episodes of arterial embolism between 15 
and 25 months after the procedure. At reopera- 
tion, the thrombus was seated on the sewing 
ring. The operative specimen had normal tissue 
valve leaflets. 


Case Reports: Group B 

PATIENT 10. A 63-year-old man underwent 
aortic valve replacement (No. 25 Hancock valve) 
for severe aortic stenosis with congestive heart 
failure. Sinus rhythm was restored. Aspirin 
therapy was instituted. Congestive heart failure 
recurred 19 months after the procedure, and the 
patient died 1 month later in congestive heart 
failure. At postmortem examination fibrotic 
stiffening and shrinkage of all three valve cusps 
and thrombi in the sinus (Fig 2) were found. 

PATIENT 11. A 56-year-old woman under- 
went mitral valve replacement (No. 27 Hancock 
valve). She had chronic atrial fibrillation. Her 
postoperative course was uneventful, and no 
anticoagulation was used. A cerebral embolus 
and regurgitation murmur occurred 19 months 
after the replacement. Moderate congestive 
heart failure developed, and reoperation was 
done 4 months later. The operative specimen 
showed a tear of the leaflet without remark- 
able histological findings. 

PATIENT 12. A 49-year-old woman with 
chronic atrial fibrillation underwent mitral 
valve replacement (No. 27 Hancock valve). The 
postoperative course was uneventful. Initially, 
warfarin was administered, then aspirin. A 
new regurgitation murmur occurred 2 years 
after the operation, and reoperation was done 3 
months later. The operative specimen revealed 
a tear along the muscular ridge of the "short" 
leaflet, necrosis, and plasma cell infiltration 
around this tear (Fig 3). 

PATIENT 13. A 64-year-old woman suffered 
an acute myocardial infarction with papillary 
muscle rupture and was in cardiogenic shock 





Fig 2. (Patient 10.) Leaflet shrinkage and fibrosis in a 
Hancock aortic valve 20 months after implantation. The 
valve sinus was outlined with thrombus material. 





Fig 3. (Patient 12.) Section of area around the leaflet tear 
running along the muscular ridge of the "short cusp” ina 
Hancock aortic valve. Necrosis and plasma cell infiltra- 
Hon are evident. (H&E; original magnification x400.) 


for 20 hours. Emergency mitral valve replace- 
ment (No. 25 Hancock valve) was done. She had 
low-output syndrome for 6 days with hyper- 
pyrexia and disseminated intravascular coagu- 
lation. Renal failure occurred; calcium values 
were normal. The patient died 53 days after the 
replacement procedure. Postmortem examina- 
tion revealed fibrosis and calcification of the 
heterograft leaflets (Fig 4). 
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Fig 4. (Patient 13.) Section of Hancock mitral valve leaf- 
let showing calcium deposition and fibrosis 53 days after 
valve implantation. The patient had been in a low- 
output state with disseminated intravascular coagulation 
and renal failure. (H&E; original magnification X250.) 


Comment 

The valves of Group A patients had thrombosis 
in the presence of tissue leaflets that were 
otherwise normal. However, all the thrombi 
were attached to the sewing ring. Most of the 
patients with early valve thrombosis (Patients 
1-3, 5, 6, and 13) showed a prolonged low- 
output state either before or after replacement. 
Patient 4 demonstrated temporary tachyar- 
rhythmia and septic mediastinitis. Severe mul- 
tiple organ failure developed in all of them. Five 
patients (Patients 3-6, 13) demonstrated signs 
of coagulation disturbances. 

Although Dacron is of low thrombogenicity, 
we think that the combination of low flow 
across the valve, hypercoagulation status, and 
the presence of bare Dacron mesh in the early 
postoperative period may stimulate thrombus 
deposition on the sewing ring. It may be sev- 
eral weeks before the fabric parts are covered by 
a smooth “neointima,” as was found in a No. 
25 Hancock mitral valve removed from a physi- 
cally active man 2 years after operation because 
of too small an orifice. The importance of the 
uncovered ring is underlined by our findings 
[7] and those of Stinson [16] and Cevese [3] and 
their co-workers that the majority of late emboli 
in patients with a Hancock mitral valve occur 
during the first 3 postoperative months, pre- 
sumably during the development of the neoin- 
tima. 


Three patients had late thrombus on the 
valve. All were in chronic atrial fibrillation and 
had a very large left atrium. Patients 7 and 8 had 
late prcgressive congestive heart failure after 
initial postoperative recovery. In both, the 
thromb: were of varying age and may have 
formed during the preceding months of low 
cardiac output. These instances indicate that in 
an occasional patient, severe left atrial disease 
(very large left atrium and atrial fibrillation) 
may predispose to thrombus formation in the 
late postoperative period. 

Johnson [9] and Horowitz [8] and their col- 
leagues reported 1 and 2 patients, respectively, 
with thrombotic obstruction of Hancock mitral 
valves. These patients were in a low-output 
state. Two patients had renal failure [8], and 1 
had associated sepsis and “coagulopathy.” Yar- 
brough and associates [18] had 1 patient with 
mitral valve thrombosis without apparent clini- 
cal cause. Stinson and colleagues [16] described 
prosthetic stenosis by tissue overgrowth in a 
mitral valve that necessitated reoperation. The 
same group later reported 2 instances of throm- 
botic occlusion of mitral valves [15]. In a discus- 
sion of Hancock valve complications by Zuhdi 
[19] there were only 6 instances of valve throm- 
bosis, 4 aortic and 2 tricuspid, out of 20,000 
implanted valves. 

Interpretation of the degenerative valve 
changes in Group B patients is difficult in light 
of the excellent long-term results with Hancock 
valves in general [3, 13, 15, 16]. Leaflet rupture, 
as in l'atients 10 and 11, was a common find- 
ing in earlier attempts at implanting formalin- 
preserved porcine heterografts [1, 5, 6, 14]. In our 
series of heterograft valves implanted during 
1967 and 1968, degenerations of this type caused 
graft fzilure within 2 to 3 years. Tears and fibro- 
sis of Hancock valves, for which there was no 
plausible explanation, have been seen in a few 
patien-s by several authors [3, 6, 13, 16]. Cevese 
and associates [3], who described 3 instances of 
leaflet tear, showed that 2 were related to en- 
docarditic inflammation and that 1 central leaf- 
let perforation suggested "fatigue." In the sum- 
mary of Zuhdi [19] there were 7 cusp perfora- 
tions, 3 of which were associated with sepsis. 
In 1 of our patients (Patient 12) a tear was seen 
running along the muscular ridge of the in- 
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traventricular septum in the "short cusp." The 
tear area had an unusual amount of necrosis 
and plasma cell infiltration. This may suggest 
an underlying immunological rejection-type 
reaction similar to that described by Carpentier 
and associates [2] on formalin-treated hetero- 
grafts. The localization of the tear may be arbi- 
trary or may indicate a potential weak point in 
the prosthesis along the muscular ridge. 

Fibrosis and calcification were not reported 
to occur in earlier xenograft valves. These 
changes were predominantly found in fresh and, 
most frequently, in preserved homograft tissue 
valves [10, 15, 17]. This may indicate that the 
preservation of collagen bonds attributed to the 
glutaraldehyde fixation process does not cause 
stretching and rupture, as noted after formalin 
preservation. As in viable grafts, however, the 
very mildly preserved tissue in the glutar- 
aldehyde-treated valves may be subject to 
shrinkage and scarring. 

Particularly surprising is the finding of very 
early leaflet fibrosis and calcification occurring 
53 days after implantation, as seen in Patient 3. 
Renal failure may have led to metastatic calcifi- 
cation through secondary hyperparathyroidism 
although serum calcium values were normal 
throughout the postoperative course. However, 
soft tissue calcification in patients with chronic 
renal failure is often associated with normal cal- 
cium levels [11]. Fishbein and co-workers [4] 
reported 1 patient in chronic renal failure who 
showed calcification of both the aortic and mi- 
tral prosthesis 1 year after implantation. They 
also observed another instance of valve calcifi- 
cation 5 years after implantation.* Levitsky [12] 
found leaflet calcification 19 months after im- 
plantation in a child without associated disease 
who had received a mitral valve prosthesis. 
Zuhdi [19] noted calcification in 6 mitral valve 
prostheses. All of these patients experienced 
some form of endocarditis. 

Degenerated valve leaflets may cause second- 
ary thrombus deposition, as in our Patients 9 
and 12. Findings similar to those in Patient 10 
were reported by Yarbrough and colleagues 
[18]. The involved prosthesis was also an aortic 
valve with leaflet thickening and sinus throm- 
bosis. 


*Fishbein, MC: Personal communication, August 1977. 


In conclusion, we believe that thrombosis of 
an otherwise normal heterograft prosthesis may 
occur early after implantation in patients with 
severe low-output syndrome and metabolic dis- 
turbances of the coagulation system. Presum- 
ably, thrombotic deposition starts on the sew- 
ing ring. Late valve thrombosis may occur in 
rare instances in chronic low-output state and 
atrial fibrillation. Degenerative changes are 
very rare in the present observation time of 
Hancock valves and do not demonstrate com- 
mon phenomena of pathological changes. 
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Durability of Prosthetic Heart Valves 


Richard E. Clark, M.D., W. M. Swanson, Ph.D., John L. Kardos, Ph.D., 
Ronald W. Hagen, M.S., and Richard A. Beauchamp, B.S. 


ABSTRACT Accelerated fatigue testing of clinical 
heart valves has been performed at cyclic rates of 33 
to 35 cycles per second at 37°C using water for non- 
biological valves and glutaraldehyde solutions for 
tissue valves. Flows were in the physiological range, 
and the pressure difference across each valve during 
closure was 100 + 25 mm Hg. The results showed 
that major fatigue occurred for the Starr-Edwards 
2320 at 150 million cycles, the Hufnagel trileaflet at 
124 million cycles, the Bjórk-Shiley Delrin disc at 
140, the Bjórk-Shiley Pyrolite disc at 973, the Beall 
103 at 60, the Hancock porcine at 62, the Carpentier- 
Edwards porcine at 34, and the Ionescu-Shiley por- 
cine pericardial prosthesis at 65 million cycles. The 
Lillehei-Kaster was removed after 762 million cycles 
without discernible wear. 

Three facts emerged from the testing data: (1) the 
component worn in vitro wears in vivo; (2) the sites 
of in vitro fatigue on the component are identical to 
clinical specimens; and (3) those valves that have 
high durability in vitro have given similar perfor- 
mance in patients. The in vitro and clinical data for 
tissue valves do not correlate. The possible reasons 
for the discrepancy are discussed, and a note of cau- 
tion is made regarding realistic expectations of clini- 
cal durability of tissue valves. 


Prosthetic heart valves may be judged by the 
clinical complications engendered: residual 
hemodynamic pressure gradients, valve wear, 
thromboembolic phenomena, hemolysis, infec- 
tion, and problems associated with anticoagu- 
lant therapy. Prosthetic valve wear continues to 
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plague patients, surgeons, and cardiologists, de- 
spite the development of a myriad of devices 
since Harken, Muller, and Starr intro- 
duced complete valve prostheses. Various Starr- 
Edwards series of devices have had ball vari- 
ance and tissue overgrowth of cloth-covered 
struts [31], and cloth wear with secondary em- 
boli and hemolysis [1, 8, 12, 16, 34, 42]. The 
Braunwald-Cutter aortic prosthesis has been 
discontinued because of poppet escape [28]. 
The Muller, Kay, and Hufnagel trileaflet aortic 
valves were discontinued because of leaflet 
fatigue [7, 18, 22]. 

The Beall mitral prostheses Models 103 and 
104 have had abrasive wear of the Teflon disc 
and Teflon-covered struts and impact wear of 
the polyester cloth [3, 12, 13, 15, 27]. The Model 
105 has had strut and disc fractures [19]. The 
Wada-Cutter tilting-disc valve has been discon- 
tinued because of wear at the hinge area and 
disc escape [20, 33]. Polypropylene and silicone 
rubber disc valves have also shown abrasive 
wear [32, 35, 45]. Recently, the porcine pros- 
thetic valve has been reported to fatigue [10, 
11,71. 

Although many heart valves have had a poor 
clinical record of durability, a few prostheses 
that are highly durable have evolved [4, 6]. All 
consist of very hard materials such as stellite, 
pyrolytic carbon, ‘and titanium. The Starr- 
Edwards Model 2400, the Lillehei-Kaster, and 
the Bjork-Shiley prostheses are examples. Most 
data on durability come from reports of sur- 
geons who removed worn heart valves [1, 10, 
11, 15, 22, 33, 42, 43, 45] or pathologists [17, 18, 
31, 32, 38, 40, 44]. Data on in vitro durability 
are scarce [9, 14, 23, 24, 26, 38]. Quinton and 
associates [29] and Soroff [37] in 1959 described 
simple devices while Steinmetz and co-workers 
[39] reported on a more complex device in 1964. 
Mohri and colleagues [26] used the Mer- 
endino-Mueller tester as Steinmetz and co- 
workers [39] had done for a report on the 
durability of experimental silicone rubber tri- 
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Fig 1. Schema of accelerated fatigue tester with reser- 
voir, and instrumentation and sequenced time-lapse 
photography systems. 


leaflet prostheses. The device was marketed and 
has been purchased primarily by manufactur- 

* Another approach is that of Almond and 
colleagues [2] in which inertial pumping with a 
blood medium is used. To our knowledge, no re- 
port of in vitro accelerated fatigue testing has ap- 
peared in which a variety of clinical prosthetic 
heart valves has been tested under similar 
conditions by the same investigators with the 
same device. This report summarizes 15 years 
of experience with an accelerated fatigue device 
and the results of testing clinical prosthetic 
heart valves. 


Methods and Materials 

The apparatus consists of two major compo- 
nents: the testing system and the instrumenta- 
tion system. 


*Pemco Inc, 5663 Brecksville Rd, Cleveland, OH 44131. 


LINED DRUM 


Testing System 
The testing system consisted of the tester block, 
the motor and controller,* and a fluid delivery 
system (Fig 1). The brass block has two valve 
chambers each capped with a !4-inch Lexan 
cover. Water is delivered through a cone screen 
filter to the crankcase. A stainless-steel 
crankshaft with two oblique grooves for reflux 
and a central axial groove for inflow rotates in 
the case and provides alternate flow to each 
chamber (Fig 2). The shaft is carried by a series 
of Teflon and nylon seals and stainless-steel roll- 
er bearings. The tester shaft is attached to the 
shaft of the direct current motor by a hard rub- 
ber interdigitated coupler. The entrance port, 
1 inch in diameter, to each valve chamber is 
fitted with 14-inch brass tubes for flow stabili- 
zation. 

The lower interior of the valve chamber is 
filled with a cored Lucite block with ports, 3$ 
inch in diameter, for pressure measurement. 


*Century Electric Motors, St. Louis, MO 63166: 74 HP DC 
motor, model DNEMI-9; and Boston Gear Works, Quincy, 
MA 02171. model RP2, motor speed control. 
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Each valve is mounted on a rubber diaphragm, 
215 inches in diameter and ¥ inch thick. Each 
diaphragm sits on Teflon spacers so that the 
entire diaphragm flexes under pressure. The 
upper valve chamber has a sleeve with ports 3s 
inch in diameter for pressure measurement, a 
cross flow channel, and a 42-inch exit port. 
These are illustrated in Figure 3. Water is re- 
turned to the reservoir by six lines: two from 
the upper valve chambers, two from the crank- 
case, and two from the bearing housings. Resis- 
tance in the valve outflow lines is achieved with 
variable orifice constrictor valves.* Fluid from 


*Consolidated Valve Industry: model, Apolla 34" ID 
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the bearing housings is returned to the reser- 
voir with a float-activated pump.* 

The reservoir system consists of a poly- 
ethylene-lined drum with a capacity of 55 
gallons in which a 1-horsepower deep-well 
pump: is suspended. The fluid level is con- 
trolled by a float mechanism and an on-off 
switch, which activates a solenoid-driven 
water valve on the water feed line. The temper- 
ature is controlled by a Mayo heat exchanger 
in the crankcase return lines. Cool water to 
the heat exchanger is controlled by a thermo- 
couple-activated linear variable water valve. 


*Teel Pump, 5959 W Howard St, Chicago, IL 60648: model 
IP867. 

*Webtrol 9-71: 1029101455. 

tDayton Electric Mfg, 5959 W Howard St, Chicago, IL 
60648: model IP504. 
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The overheat safety device is a thermistor sys- 
tem to shut off power to the deep-well pump 
should the reservoir temperature exceed 40°C.* 
Reservoir temperature is measured with a 
thermometer. 


Instrumentation System 

Initially, the rotational speed of the motor was 
measured with a magnetic pickup but this pro- 
vided inadequate accuracy at low speeds. Con- 
sequently, a disc with twenty-three holes and 
one additional hole above the zero mark was 
used in conjunction with two silicone photo- 
detectors. The single hole photodetector is 
coupled to a digital counter? in order to mea- 
sure and display cyclic rate. Trend recordings 
are produced by a D-to-A converter system, 
which drives a strip chart recorder.’ Phasic and 
mean flow in the upper chamber exit lines and 
in the cross flow channel have been measured 
in the past with cannulating flow probes." Cur- 
rently, only mean upper chamber exit flow is 
measured.‘ Accurate measurement of the pres- 
sures above and below each prosthetic valve 
has been difficult to achieve, especially at high 
cyclic speeds. Various differential pressure 
transducers** and piezoelectric transducers" 
with custom differential amplifiers have been 
employed for this purpose. Poor durability and 
inability to measure the absolute values of pres- 
sure in the chambers necessitated use of two 
semiconductor strain gauge transducers,} 


"Yellow Springs Instrument Co, Yellow Springs, OH 
45387: model 63RC temperature controller. 

"Weston Instrument, Inc, Newark, NJ 07114: model 4200 
thermometer. 

tTektronix, Inc, PO Box 500, Beaverton, OR 97077: model 
DC 504 counter/timer. 

SGould, Inc, 3631 Perkins Ave, Cleveland, OH 44114: 
model 220 recorder. 

"Biotronex Labs, 9153 Brookville Rd, Silver Spring, 
MD 20910: Series 2000 transducers and 610 flow- 
meters. 
fBiotronex: 
meter. 
**Hewlett-Packard, 175 Wyman St, Waltham, MA 02154: 
model 267B transducer; Statham Instruments, Inc, 2230 
Statham Blvd, Oxnard, CA 93930: model PM 280 T7 trans- 
ducer. 

ttColumbia Research Labs, Bullens Lane, Woodlyn, 
PA 19094: models P-311 and P-200-1 transducers. 
HEntran Devices, Inc, 145 Petterson Ave, Little Falls, 
N] 07424: Model EPS-1032-100SW transducer. 


Series 2000-X transducer and 615 flow- 


separate amplifiers," and a two-channel oscil- 
loscope’ for accurate measurement. 

In the photography system, a triggered 
stroboscopic light (1/1000 to 1/10,000 second) 
and controller units! are used. Additionally, the 
light can be triggered on any of twenty-four 
segmen:s of a complete cycle allowing visual 
and photographic study with the valve in a 
seemingly fixed position of the cycle. By using a 
timer and logic circuits, a super 8 mm cine cam- 
eras is triggered to take single frame exposures at 
a rate of one per minute or one per hour. In the 
latter case, twenty-four sequenced frames are 
exposed per day, which, when displayed at 
twenty-four frames per second result in visual 
documentation of one day per second." Each 24 
hours is viewed as one complete cycle of valve 
opening and closing. 


Durability Testing 

A pair of each model valve was tested simulta- 
neously. The medium generally used was water, 
both tap and distilled, deionized water, at 37°C. 
Experimental valves with similar durability 
have been tested in both types of water and a 
fluid analog of blood with a viscosity of 3.85 
centistokes and a specific gravity of 1.040 at 
37°C.5 No difference in cycles to fatigue wear 
was found. Tap water was adopted as a stan- 
dard medium. The mean rates through each 
valve have ranged from 2 to 6 liters per minute, 
but averaged 4.5 liters per minute for all tests. 
Differential pressure across each valve has been 
controlled at 100 + 25 mm Hg. Cyclic rate has 
been 33 to 35 cycles per second over the years 
with an accuracy of + 0.5 cycles per second. 
Temperature has been maintained at 37° + 
1.0°C. All tissue valves were tested at 37°C with 
the concentration of glutaraldehyde recom- 
mended by the manufacturer (Hancock, 0.2596; 


*Hewlett-Packard: model 8805C, carrier amplifier. 
tTektronix, Inc: 5B10N time base/amplifier, 5A18N dual 
trace amplifier, and D11 dual channel display oscilloscope. 
tGeneral Radio, West Concord, MA 01781: type 1540-P4 
Strobolume 

SNikon, Inc, 623 Stewart Ave, Garden City, NY 11530: 
Nikon Super Zoom-8 movie camera. 

"Kodak: Ektagraphic MFS-8 projector. 

TEthylene gycol 27% and Pluracol V-10 BASF Wyandotte 
Chemical, 0.3%. 
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Results of Accelerated Fatigue Testing 


a CE UEU ————— 


First Wear Severe Fatigue 
in Millions in Millions 

Valve of Cycles of Cycles Comment 

Starr-Edwards 2320 47 150 Cloth wear on struts and seat 

Hufnagel trileaflet 72 124 Torn leaflets near 
commissure 

Hufnagel disc 110 140 Disintegrated collar, slight 
wear of disc 

Bjork-Shiley Delrin 85 140 Broken Delrin disc 

Bjórk-Shiley Pyrolite 973 973 Broken closure strut at weld, 
imprint of strut on disc 

Lillehei-Kaster bd "hb No visible wear after 762 X 
105 cycles 

Beall 103 20 60 Disc, strut, and cloth wear 

Hancock porcine 3 62 Horizontal and vertical tears 

Carpentier-Ed wards porcine 3 34 Horizontal tears in coapting 
area, punctate holes in 
base of leaflets 

lonescu-Shiley bovine 65 65 Leaflet tear along 

pericardium commissure 








Fig 4. (A) Starr-Edwards Model 2320 after 150 million 
cycles in the accelerated fatigue tester. Note wear of the 
fabric covering the struts secondary to impact and abra- 
sion of lateral ball oscillation. (B) Starr-Edwards Model 
2320 removed from a patient after an estimated 160 
million cycles (4 years) because of hemolysis. Note sim- 
ilarity to A with extensive wear of cloth. 
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Fig 5. Hufnagel trileaflet aortic valve after 124 million 
cycles in the accelerated fatigue tester. A tear of the 
silicone rubber-coated polypropylene fabric began at the 
free edge of the leaflet at the commissure at 72 million 
cycles and extended downward until the leaflet tore 
away. Note the swelling of the Hepacone collar. 


Fig 6. (A) Beall Model 103 medium valve removed from 
the accelerated fatigue tester after 60 million cycles. Note 
the loss of cloth from impact wear at seating area (ar- 
row). The disc has been worn circumferentially with a 
small amount of notching, which allows it to cock. 

(B) Beall Model 103 medium valve removed from a pa- 
tient after an estimated 266 million cycles (6 years 8 
months) because of prosthetic valve stenosis, insuffi- 
ciency and hemolysis. Note the similarity of defects com- 
pared with A. There is impaction wear of the cloth at the 
base where the disc seated with consequent roll up of the 


fabric into the orifice creating an intraprosthetic stenosis. 


Additionally, the disc is circumferentially worn and 
notched, which allows cocking. 


Edwards, 0.625%; Shiley, 0.5%) at a pH of 7.0 
to 7.4 = 0.1. 


Results 

The results of accelerated fatigue testing of 10 
types of clinical prosthetic valves are sum- 
marized in the Table. The Starr-Edwards Model 
2320 aortic valve had abrasion and impact wear 
of the cloth-covered struts at the lower one- 
third of the strut length (Fig 4A), secondary to 
lateral oscillations as shown by Ranier and co- 
workers 30]. The clinical analog of this type of 
wear after four years is illustrated in Figure 4B. 
The Hufnagel trileaflet valve developed a small 
tear of tFe leaflet along the upper commissural 
posts at 72 million cycles, which extended until 
a portion of the leaflet broke away at 150 million 
cycles (Fig 5). A clinical analog with similar 
fatigue at 3.3 years has been documented by one 
of us. After 60 million cycles, the Beall mitral 
prosthesis Model 103 demonstrated wear simi- 
lar to that seen clinically: abrasive wear of Teflon 
on the struts and disc and impact wear of the 
Dacron velour (Fig 6). The Bjork-Shiley Pyrolite 
withstood 973 million cycles before the major 
impact strut broke at the weld, a site previously 
reported to be an occasional problem [36] (Fig 
7A). The Pyrolite disc did not rotate at the cy- 
clic rate used and the impact area is visible (Fig 
7B). Interestingly, the Delrin disc also failed to 
rotate and broke after 140 million cycles (Fig 
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7C), although it has been reported to be highly 
durable [5]. The Lillehei-Kaster valve was re- 


moved at 762 million cycles with no visible 
wear. The Pyrolite disc was sent to Gulf 
Atomic* for measurement and scanning elec- 
tron microscopy. The loss of pyrolyte carbon 
was reported to be 0.2 u with no evidence of 
microcracks, crazing, or cavitation effects. 

The tissue valves were of special interest be- 
cause of current enthusiasm for their clinical 


*General Atomic, Medical Products Division, 11388 Sor- 
rento Valley Rd, San Diego, CA 92123. 





Fig 7. (A) Bjork-Shiley aortic prosthesis after 973 million 
cycles in the accelerated fatigue tester. The arrow de- 
notes the point of fracture of the impact strut. (B) The 
Pyrolite carbon disc did not rotate at the cycle rate of 
34 cycles per second. Note the imprint of the impact 
strut on the disc. (C) A Delrin disc after 140 million cy- 
cles in the accelerated fatigue tester. The disc did not 
rotate at 34 cycles per second and fatigued secondary to 
impact and abrasion. 


use. None of these valves was tested in a blood 
or protein medium because the longevity of the 
run precluded maintenance of sterility. The 2 
porcine prostheses fatigued in similar fashion 
although 1 (Hancock) had a more flexible stent 
than the other. Initially, multiple fenestrations 
near the commissure in the coaption zone de- 
veloped in each. Later, holes and tears in the 
thinner portions of the leaflet base between the 
collagen bundles appeared (Figs 8A-D). At 
65 million cycles, the Ionescu-Shiley bovine 
pericardial valve had a sudden tear in the leaflet 
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Fig 8. (A) Hancock porcine prosthesis after 62 million 
cycles in 0.25 % glutaraldehyde in the accelerated fatigue 
tester. A large hole (arrow) is present at the base of 1 
leaflet. (B) Multiple fenestrations in between heavy 
collagen bundles of a leaflet of a Hancock prosthesis. 
(C) Carpentier-Edwards porcine prosthesis after 34 mil- 
lion cycles in 0.62596 glutaraldehyde in the accelerated 
fatigue tester. Note the hole (arrow) in the base of a 
leaflet. (D) Close-up of the hole. 
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Fig 9. lonescu-Shiley aortic prosthesis after 65 million 
cycles in the accelerated tester. The leaflets are bovine 
pericardium. Note the tear in 1 leaflet along the commis- 
sural strut. This fatigue occurred suddenly and is similar 
to the site of fatigue seen in all leaflet valves with 
nonflexible or stiff stents. 


along the commissural post similar to the Huf- 
nagel trileaflet prosthesis and identical to all 
experimental trileaflet valves tested with a stiff 
or nonflexible stent (Fig 9). 


Comment 
Three facts have evolved out of a 15-year ex- 
perience with accelerated fatigue testing of 
prosthetic heart valves. First, the component of 
a prosthetic valve that fails in vitro fails in vivo. 
Second, the site of fatigue in the component 
worn in vitro is the same site of wear found on 
clinical specimens. Third, those valves with 
high durability in vitro appear to have similar 
durability in patients. The experimental data 
reported in this study demonstrate these 
facts. The components that wore in the acceler- 
ated tester were the cloth on the struts and seat 
of the Starr-Edwards 2320, the leaflet of the 
Hugnagel trileaflet, the disc, struts, and cloth of 
the Beall prosthesis, and the leaflets of the tis- 
sue valves. All of these prostheses have had 
clinical failures of the same components. Fur- 
ther, the location of fatigue on these compo- 
nents is similar and appears to initiate at the 
same locus and extend in the same manner. 
The problem for the clinician and the valve 
evaluator is the interpretation of the number of 
in vitro cycles to fatigue with respect to pros- 


thetic valve longevity in patients. Fortuitously 
and coincidentally, the in vitro data for 3 nonflex- 
ible and 1 flexible valve have correlated clinically 
and have achieved nearly a 1:1 significance. If 
an average heart rate of 72 beats per minute is 
assumed for normal humans, each natural car- 
diac valve cycles 37.8 million times a year. 
Thus, fatigue in vitro of 120 million is a 3-year 
human equivalent. 

The clinical correlation of accelerated fatigue 
testing data for highly flexible materials is less 
firm. In the tester used, transient, high- 
frequency pressure changes were evident. In 
the apparatus described it is possible to trigger 
the oscilloscopic tracing and the stroboscopic 
light simultaneously in such a way that the vi- 
sual events can be correlated to the pressure 
difference across the prosthetic valve. Sequence 
photography by both 35 mm Kodacolor prints 
and color cine super 8 mm film demonstrated a 
correlation of stent and leaflet movement to 
high-frequency pressure changes. Further, the 
motion observed in each leaflet is constant dur- 
ing the testing period. With the changes of 
exit velocities, the geometry of the aortic root, 
and pressures associated with alterations in 
normal human activity, the arc and location 
of bending of flexible leaflets surely is not 
constant. These mechanical and _ hydrody- 
namic facts coupled with the glutaraldehyde 
medium may explain the large discrepancy 
between the in vitro results for tissue valves 
and the clinical results with a satisfactory life 
history of at least 7 years. Nonetheless, the 
pathological and histological studies of Spray 
and Roberts [38] and the in vitro fatigue results 
reported here should raise a flag of caution to 
the enthusiastic clinician. Although many give 
lip service to the concept that tissue valves will 
not have extreme longevity, most expect a 
mimimum of 10 years. Inasmuch as all data to 
date, both from in vitro testing and clinical ex- 
perience, demonstrate that certain "hard" 
valves have high durability, a valve with nota- 
bly less longevity should not be used in- 
discrinunately in the enthusiasm for a lower 
incidence of thromboembolism. The operative 
mortality for emergency procedures for acute 
prosthetic valve insufficiency is high [20]. 
Therefore, judgments regarding the trade-off of 
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durability for thromboembolism should be 
made on an individual basis. 

The area of accelerated fatigue testing of 
prosthetic heart valves has had an empirical 
basis to date. Historically, most manufacturers’ 
durability tests have given optimistic results 
that were dispelled by clinical experience. 
There is no agreement concerning what tests or 
testers should be used, what the rate of testing 
should be, or how to interpret the results. From 
a scientific viewpoint, unsolved are the fre- 
quency and temperature effects, media in- 
fluence (e.g., ionic concentrations, presence 
of protein, pH), and the development of testers 
that provide physiological pressures, wave- 
form shapes, and pressure differences across 
the valve at high cyclic rates. 

The area of accelerated testing of flexible ma- 
terials is unexplored from a practical as well as a 
theoretical point of view. Szycher and col- 
leagues [41] proposed that flexible materials be 
cooled to low temperatures and then flexed at 
physiological rates. The temperatures required 
approach the glass transition temperatures of 
the polymers, and the molecular motion and re- 
sponse to deformation is dramatically altered 
by temperature alone. Thus, these fatigue data 
cannot be interpreted nor are they meaningful 
at 37°C. Kardos and associates [21] used 
time-temperature superposition to predict 
creep in both isotropic and anisotropic poly- 
etherurethane film laminates. These find- 
ings had direct pertinence to the left heart 
assist program inasmuch as the basic polymer 
tested was used as the flexible bladder tor 
pumping in left heart assist devices. Nosé, in 
conjunction with Goodyear, has developed a 
polyolefin rubber for bladders, which is 
thought to be superior in durability based on 
the DeMattia flex test ASTM D-430 [23]. 

The literature on fatigue in polymeric mate- 
rials is quite limited compared with that con- 
cerning other static mechanical properties. A 
review of progress up to 1973 was presented by 
Manson and Hertzberg [25]. Some general rules 
for various types of wear or fatigue are known. 
For example, abrasive wear of solid polymers 
has been shown to be directly related to load 
and relative velocity and inversely proportional 
to the square root of the cohesive energies. Fre- 


quency of flexing is known to be an important 
variable, but to date no general pattern or prin- 
ciple for the relation has emerged that can be 
applied :n a predictive way to test for the best 
Or worst case situations. Aortic leaflets undergo 
a very rapid change from a tensile-load to a no- 
load condition. In doing so the material under- 
goes a convex to flat or concave change in 
geometry in two directions simultaneously 
through a rolling-buckling phenomenon in 
which tension-compression surely takes place. 
Materials that go through a zero-load condition 
have been found empirically to fail much 
sooner than anticipated. Other important fac- 
tors include molecular weight, degree of crystal- 
linity, molecular weight distribution, degree of 
cross-linking, and degree of molecular orienta- 
tion. Unfortunately, they have not been related 
to the demands required in cardiovascular de- 
vices nor has the relative importance of each 
factor been determined at high cyclic rates. 

The general field of extended durability in 
man-mace polymeric flexible materials is in 
a state of empiricism. There are no accepted 
design criteria available for a molecule, a fin- 
ished filrn, or a fabric to meet a specific task. 
Consequently, major progress in research on 
accelerated testing must be made to develop 
methods for testing basic components and 
prostheses that employ flexible biological or 
man-made polymeric materials. Until such time, 
accelerated testing of prosthetic devices alone 
must be performed prior to general clinical 
usage and continued attempts must be made to 
correlate in vitro accelerated fatigue data to 
long-term clinical performance. 
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Discussion 

DR. PHILIP N. SAWYER (Brooklyn, NY): Those of us 
who have been studying the development and appli- 
cation of prosthetic devices in man over the past 17 
years realize that the more we advance, the more 
everything appears to stay the same—but not really. 
We are becoming increasingly introspective and 
knowledgeable in the evaluation of results obtained 
with prosthetic heart valves. It is critical to realize 
that the manufacturer and engineer play a very impor- 
tant part in the ultimate success of a device. 

In the development of alloys it is very important 
that the alloy in blood, which is seawater, develop a 
corrosion potential that is on the negative side of the 
thrombosis potential. In the electromotive series 
there is a break-off point. All the metals above that 
point are relatively antithrombogenic and those 
below are quite thrombogenic. But if an alloy is made 
from metals taken from varying points in the elec- 
tromotive series, one of those metals will frequently 
be on the positive side of the point of zero charge. 
When this happens, the result is an extremely 
thrombogenic material. 


Anotaer factor to consider is the condition of the 
valve ei the time of implantation. Scanning electron 
micrographs reveal particles on valves. These parti- 
cles are from the manufacturing process, steam- 
sterilizing, and gloves of the operating team. 

Aware of the existence of these particles, my col- 
leagues and J did a study in which an identical series 
of prostaetic devices was implanted in experimental 
animals using either a no-touch technique or the 
convent.onal touch technique. It is immediately ap- 
parent that valves that are handled are more suscep- 
tible to thrombosis than those that are implanted 
without having been touched or chemically treated 
before implantation, and that are implanted with a 
venous ckirt so that there is no foreign body in con- 
tact with. the environment. In comparison with un- 
treated dirty surfaces and chemically treated clean 
surfaces, a whole series of statistical randomizations 
cross-correlated. 

With respect to Dr. Clark's discussion of tissue 
valves and Dr. Davila's presentation of how well they 
work, it .s quickly obvious when looking through a 
microscope that tissue valves perform more satisfac- 
torily in man than they do in a pulse duplicator. Iam 
sure Dr. Clark is aware of this. These tissue valves 
are inves-ed with fibrous tissue from the host imme- 
diately afer implantation and enjoy a continuous re- 
placement with host fibroblasts. This is apparent 
when valves are removed either from the experimen- 
tal anima. or man. For this reason, the pulse dupli- 
cator does not give an accurate description of the 
utility of -his valve over a long term. 


DR. PAUL C. TAYLOR (Cleveland, OH): It is surprising 
that there has been such enthusiasm over the Han- 
cock biorrosthesis in light of unproven long-term 
durability. Clinical experience with ball-valve pros- 
theses in ssolated aortic valve procedures at the Cleve- 
land Clinic has yielded interesting results in terms of 
durability and operative technique. To date, 1,026 
patients (€7.2% in New York Heart Association Func- 
tional Class III or IV before operation) have received a 
Starr-Edwards or Cutter-Smeloff prosthesis. 

From 1262 through 1967, 534 operations (Group 1 
patients) vzere performed using selective coronary ar- 
tery perfusion and moderate hypothermia. Hospital 
mortality was 9.996. During the ensuing 5 years, 496 
operations (Group 2 patients) were performed under 
normothermic anoxic arrest, and hospital mortality 
was 6.896. The rate of perioperative infarction was 
2.2% in G-oup 1 and 3.4% in Group 2. 

One instance of ball variance was documented in a 
patient wh» had a Starr valve model made before the 
1200 series. Sixty-three patients who received early 
model Starr valves during the first 4-year experience 
have survived 10 to 13 years without mechanical 
valve prob.ems. 

The average follow-up for 941 available survivors 
was 6.6 years. The 5-year and 7-year survival was 
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58% and 50%, respectively, for Group 1. That 40 to 
50% of these patients did not receive anticoagulants 
is a major factor in explaining these high figures. The 
5-year and 7-year survival figures for Group 2 were 
79% and 74%, respectively. Many of these patients 
were given anticoagulants. 

Of 303 total valve operations performed on my ser- 
vice since 1973, 162 patients received a 1260 series 
Starr valve (aortic position) as either a primary iso- 
lated or combined operation. All operations were 
done under normothermic anoxic arrest. Hospital 
mortality was 3.1%. 

Long-term follow-up data indicate that the 
Cutter-Smeloff and 1260 series Starr valves are practi- 
cally indestructible. I hope that the current bio- 
prostheses prove as durable, but the results of Dr. 
Clark’s studies indicate that fatigue may preclude 
long-term durability. I also submit that many aortic 
valve operations can be safely performed using nor- 
mothermic anoxic arrest. 


DR. RODMAN E. TABER (Grosse Pointe, MI): Rather 
than discuss durability and thrombogenic qualities, I 
want to comment on a development that many of us, 
I am sure, are very pleased to see, namely, The Soci- 
ety's recommended standardization of reporting 


methods. These were recently outlined in The Annals 
of Thoracic Surgery (&nn Thorac Surg 24:398, 1977). 

I would like to suggest an addition to these rec- 
ommendations that concerns the reporting of valve 
procedures. Should not this format include exercise- 
induced gradients in postoperative studies? After all, 
we are interested in measuring the gradients that pa- 
tients experience with different types of valves at rest 
as well as during exercise. The latter may well relate 
to such things as the ability to return to work. 


DR. CLARK: I thank the discussants for their interest 
and remarks. The most difficult problem is the dura- 
bility of tissue valves. I can only say that our in vitro 
durability data definitely do not correlate with the 
clinical experience, although the pathological reports 
of Spray and Roberts should be taken into account. 
We tested tissue valves in glutaraldehyde at the con- 
centrations recommended by the manufacturers at a 
pH of 7.0 to 7.4. I think tissue valves will have greater 
durability when tested in vitro in sterile protein so- 
lutions in a different device at lower frequencies. 

However, the overall experience of testing valves 
in vitro is cause for caution. The use of tissue valves 
is a trade-off of durability and hydrodynamics for 
improved thromboresistance. 


Hemodynamic Evaluation 


of Lillehei-Kaster and Starr-Edwards Prostheses 


R. B. Pyle, M.D., J. E. Mayer, Jr., M.D., W. G. Lindsay, M.D., 
C. R. Jorgensen, M.D., Y. Wang, M.D., and D. M. Micoloff, M.D. 


ABSTRACT The central-flow low profile disc- 
valve prosthesis has been offered as an alternative to 
ball- and tissue-valve prostheses. Extensive labora- 
tory investigation with both pulse duplicator and 
experimental animals has been reported for the 
Lillehei-Kaster prosthesis. A series of patients re- 
ceiving this prosthesis underwent postoperative car- 
diac catheterization to better define the hemo- 
dynamic function of this prosthesis in vivo. 
Because of the variations in reports of hemodynamic 
data from various institutions, the results of post- 
operative studies in an earlier group of patients with 
Starr-Edwards prostheses were used as a standard 
for comparison. Good hemodynamic function was 
found with the pivoting-disc prosthesis in all but the 
smallest valve sizes. Lillehei-Kaster and early model 
Starr-Edwards prostheses with equivalent tissue an- 
nulus dimensions were found to have nearly equal 
valve areas in vivo in the aortic position. The 
Lillehei-Kaster mitral valves provided larger areas 
than Starr-Edwards prostheses in large tissue an- 
nulus sizes. 


Prosthetic valves have been implanted in the 
subcoronary aortic position and the mitral posi- 
tion since 1960 [41]. Experience gained through 
the years has allowed better patient selection 
and the development of improved techniques 
of preoperative, intraoperative, and postopera- 
tive care. Operative mortality has been reduced 
from 20 to 3096 in early series to 3 to 696 in 
many current series of elective isolated valve 
replacement [1, 3, 7, 10, 12, 13, 27, 28, 30, 35, 41, 
43]. Since mortality has been lowered, attention 
.has focused on improving the design of the 
prosthesis to reduce hemolysis and throm- 
boembolism [4, 31, 37, 38] and improve he- 
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modynemic function and durability. These at- 
tempts to design better valve substitutes have 
resulted in the development and clinical trial of 
numerors prosthetic valve devices through the 


years [8. 9, 11, 15, 19-21, 24, 25, 32, 38-42]. 


Kaster and Lillehei designed and tested a cen- 
tral-flow pivoting-disc valve made with a ti- 
tanium valve seat and a Pyrolite disc occluder. 
Laboratcry evaluations of tilting-disc pros- 
theses (Lillehei-Kaster and Bjórk-Shiley) using 
pulse duplicators demonstrated improvements 
in trans>rosthetic pressure gradient and re- 
duced turbulence with elimination of stasis and 
eddying when compared with ball valves [5, 6, 
21]. However, hemodynamic evaluation of the 
Lillehei-Xaster prosthesis in vivo has produced 
varying reports [27, 34, 36], and similar varia- 
tions have been observed with the Bjórk-Shiley 
prosthesis [8, 23]. The current study was under- 
taken to better define the degree of prosthetic 
valve stenosis to be expected in vivo following 
valve replacement with the Lillehei-Kaster 
prosthesis. To obtain a frame of reference that 
would b2 meaningful at other institutions, re- 
sults are compared with postoperative hemo- 
dynamic function in a series of earlier patients 
who received Starr-Edwards valve prostheses 
and underwent similar cardiac catheterization 
procedures after operation. 


Methods 
From January, 1972, through December, 1974, 
all survivors with the Lillehei-Kaster prosthesis 
at the University of Minnesota were requested 
to return for evaluation of hemodynamic func- 
tion at six months to one year following re- 
placement. These results were then compared 
with ar. earlier series of elective studies of 
Starr-Edwards prostheses performed at a simi- 
lar postoperative interval. 

The Lillehei-Kaster mitral valve prostheses 
were oriented so that the major orifice lay in the 
aortic outflow tract and in such a position that 
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the movement of the disc occluder avoided 
prominent left ventricular musculature. At- 
tempts were made not to use the larger mitral 
valve prostheses, which would impinge on 
ventricular musculature as heart size decreased 
after operation. The Lillehei-Kaster aortic valve 
prostheses were oriented so that the major 
orifice directed the blood flow posteriorly away 
from the aortotomy suture line. 

Warfarin anticoagulation was instituted upon 
removal of the chest tubes and was recom- 
mended to be continued at prothrombin times 
of two to two and one-half times the control 
value. 

Preoperative and postoperative cardiac cathe- 
terization procedures were carried out in the 
same laboratory using the same techniques. 
In evaluating Lillehei-Kaster aortic valves, a 
catheter was passed acrass the atrial septum 
and into the left ventricle, and left ventricular 
and aortic pressures were measured simultane- 
ously. For Starr-Edwards aortic valves tne gra- 
dient was measured as just described or in a 
few instances with a 5F catheter passed across 
the prosthesis and then pulled back. For mitral 
valves, the difference between simultaneously 
measured pulmonary capillary wedge and left 
ventricular pressures was used as the transval- 
vular gradient. Cardiac outputs were measured 
by both indocyanine green dye curves and the 
Fick oxygen consumption method. Mitral valve 
areas were calculated from the Gorlin tormula 
[17]. Aortic valve areas were calculated from a 
modified Gorlin formula that utilized peak gra- 
dients rather than mean gradients. Previous 
work from this institution has shown close cor- 
relation between areas calculated by these two 
methods [2]. Prostheses with regurgitation 
greater than 1+ were excluded because valve 
areas are underestimated in these instances. 
Bicycle ergometer exercise studies were done 
only in patients with mitral prostheses. Evalua- 
tion of the aortic prostheses required use of the 
femoral vein to place the transatrial septal 
catheter, thereby making bicycle exercise un- 
feasible. 


Results 
From January, 1972, through December, 1974, 
190 Lillehei-Kaster pivoting-disc valves were 


Table 1. Average Postoperative Hemodynamic 
Data on Lillehei-Kaster Aortic Value Prosthesis 





Peak Systolic 
No. of Gradient 


Size Valves (mm Hg) Valve Areas (cm?) 


14 9 45 (27-70) 0.8 (0.5-1.1) 
16 12 28 ( 5-57) 1.1 (0.9-1.3) 
18 15 22 (10-42) 1.3 (0.9-1.8) 
20 4 15 (13-20) 1.9 (1.7-2.3) 
22 3 5 2.5 

2 2 5 ( 0—10) 2.0 (1.9-2.1) 


Table 2. Average Postoperative Hemodynamic 
Data on Lillehei-Kaster Mitral Valve Prostheses 


Mean Diastolic 
No. of Gradient 


Size Valves (mm Hg) Valve Areas (cm?) 


18 1 "T 1.1 
20 8 8 (4—14) 1.6 (1.0-2.3) 
22 15 8 (3-31) 1.7 (0.6-2.8) 
25 4 5 (2-18) 1.9 (0.8-3.0) 


Table 3. Average Postoperative Hemodynamic 
Data on Lillehei-Kaster Mitral Valve Prostheses 
Excluding Those with Thombosis or Disc 
Limitation by Ventricular Wall 


Mean Daastolic 
No. of Gradient 


Size Valves (mm Hg) Valve Areas (cm?) 


18 1 T 1.1 

20 8 8 (4—14) 1.6 (1.0-2.3) 
22 y 7 (3-11) 1.8 (1.0-2.8) 
2 2 5 (3-7) 2.7 (2.6-2.7) 


placed in 165 patients. Of the 136 survivors, 
65% returned for postoperative catheterization 
at intervals of six to fourteen months following 
replacement, and a satisfactory study was ob- 
tained in 71. Technical difficulties in position- 
ing catheters to measure gradients in patients 
with multiple-valve replacements accounted for 
15 of the 17 unsatisfactory studies. Clinical 
evaluation revealed that 96% of the survivors 
were improved by at least one class according to 
the New York Heart Association Functional 
Classification. 
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Table 4. Average Postoperative Hemodynamic 
Data on all Starr-Edwards Aortic 
Valve Prostheses 


Peak Systolic 
No. of Gradient 


Size Valves (mm Hg) Valve Areas (cm?) 
8A 5 29 (13—54) 1.0 (0.7—1.4) 
9A 7 18 ( 1-32) 1.1 (0.8—1.5) 

10A 7 13 ( 6—26) 1.3 (0.9—1.7) 

11A 6 21 (16—26) 1.3 (1.1-1.5) 

12A 1 13 1.8 


Table 5. Average Postoperative Hemodynamic 
Data on Starr-Edwards Mitral Valve Prostheses 


Mean Diastolic 
No. of Gradient 


Size Valves (mm Hg) Valve Areas (cm?) 


IM 1 10 1.4 
2M 18 8 (4—13) 1.4 (0.8-1.8) 
3M 9 10 (8-15) 1.4 (0.8-2.7) 
4M 10 5 (3-9) 1.9 (1.2-2.7) 
5M 1 5 2.6 


Postoperative hemodynamic results for Lille- 
hei-Kaster and Starr-Edwards valves are pre- 
sentec in Tables 1 through 5. The 14A Lille- 
hei-Kaster aortic valve prosthesis with a 
tissue annulus diameter of 21 mm was found to 
have a significant prosthetic valve gradient and 
small hemodynamic area. Aortic prostheses 
that were size 16 or larger had average valve 
areas greater than 1.1 cm? (see Table 1). Major 
stenosis was present in the 1 patient with a size 
18 Lillehei-Kaster mitral valve prosthesis, cor- 
responding to a tissue annulus diameter of 25 
mm (se2 Table 2). Lillehei-Kaster valves size 20 
or larger demonstrated average valve areas 
greater than 1.6 cm? for each group. During 
exercise studies, valve areas either increased or 
remained the same. Table 2 includes a 22M and 
two 25M prostheses placed early in this series 
that weze found to have extensive thrombosis 
or limitation of disc motion by the ventricular 
wall or »oth conditions. The valve areas when 
these patients are excluded are presented in 
Table 3. 

Cardiac catheterization reports from 65 pa- 


Table 6. Comparison of In Vivo and in Vitro Valve Areas of Lillehei-Kaster 


and Starr-Edwards Aortic Valve Prostheses 


lissue 
Annulus 
(mm) 


21.0 
23.0 
25.0 
27.9 
28.5 
32.0 


Valve Size 


Lillehei-Kaster/ 


Starr-Edwards 


14/8A 
16/9A 
18/10A 
20/12A 
22/13 A 
25/14A 


Lillehei-Kaster 
In Vitro 

Valve Area 
(cm?) 


1.5 
2.0 
2.6 
3.1 
3.8 
4.5 


Lillehei-Kaster Starr-Edwards Starr-Edwards 
In Vivo In Vitro In Vivo 

Valve Area Valve Area Valve Area 
(cm?) (cm?) (cm?) 

0.8 1.4 0.9 

ll 1.7 1.1 

1.3 1.9 1.3 

1.9 2.4 1.8 

2.5 Z4 

2.0 2.9 


Table 7. Comparison of In Vivo and In Vitro Valve Areas of Lillehei-Kaster 
and Starr-Edwards Mitral Valve Prostheses 


Tissue 
Annulus 
(mm) 


23.0 
25.0 
24 9. 
28.5 
32.0 


Valve Size 


Lillehei-Kaster/ 


Starr-Edwards 


16/0M 
18/1M 
20/2M 
22/3M 
25/4M 


Lillehei-Kaster 
In Vitro 

Valve Area 
(cm?) 


2.U 
2.6 
3.1 
3.8 
4.5 


Lillehei-Kasier 


Starr-Edwards 


Starr-Edwards 


In Vivo In Vitro In Vivo 
Valve Area Valve Area Valve Area 
(cm?) (cm?) (cm?) 

Lt LN po 

1.1 2.2 1.4 

1.6 2.5 1.4 

1.8* 2.9 1.4 

27" 3.3 1.9 


*p < 0.05 Lillehei-Kaster in vivo compared with Starr-Edwards in vivo for same annulus size. 
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tients with Starr-Edwards prostheses placed at 
an earlier time were reviewed. The results of 
these studies are given in Tables 4 and ©. Data 
from the 1200-1260 series of Starr-Edwards 
aortic valves are combined with data from cloth- 
covered prostheses since the valve areas from 
the 1260 series did not vary greatly from the 
valve areas seen in the total series. The mitral 
valves studied were all of the bare-strut 6000 or 
6120 series. Average valve areas for these two 
models did not vary significantly in the study 
and hence are presented together (see Table 5). 
The data reveal that patients with smaller sizes 
of aortic prostheses had valve areas averaging 
less than 1 cm?. In the mitral position, valve 
areas less than 1.5 cm? were found in all valve 
sizes smaller than 4M. The data on Lillehei- 
Kaster and Starr-Edwards prostheses with 


equivalent annulus diameters are presented in 


Tables 6 and 7 for comparison, along with 
geometric areas calculated by the manufacturer. 


Comment 

With improvement in the selection of patients 
for valve replacement, operative mortality has 
been greatly reduced in recent years [41]. A vast 
and generally favorable experience has been 
gained with the Starr-Edwards prosthesis [3, 
10]. Problems of ball variance, thromboem- 
bolism, and hemolysis have arisen, however, 
and several design modifications have resulted 
(26, 37, 41]. The Lillehei-Kaster prosthesis has 
been durable in our experience with satisfac- 
tory valve function up to five years in the aortic 
position with no instances of mechanical failure 
[27]. In this series, only 2 documented emboli 
occurred in 3,645 patient-months of follow-up. 
We have observed no major hemolysis. Others 
[25] have reported generally acceptable experi- 
ence with the Lillehei-Kaster prosthesis, with 
one exception [29]. 

This report focuses on a different area of con- 
cern, the hemodynamic performance of the 
valve prosthesis in vivo. At our institution, aor- 
tic valve replacement is considered for symp- 
tomatic patients whose valve area is less than 
1.0 cm? and mitral valve replacement, for symp- 
tomatic patients whose valve area is Jess than 
1.5 cm’. The Lillehei-Kaster prosthesis pro- 
vided hemodynamic areas greater than these 
preoperative limits in all but the smallest aortic 


and mitral valve sizes. However, it does noi 
seem to offer hemodynamic advantages over 
equivalent sizes [33] of the Starr-Edwards aortic 
valves, but does give larger in vivo areas in the 
larger mitral sizes. The reasons for these find- 
ings are not completely clear but may be related 
to the fact that both prostheses have a rigid an- 
nulus, which does expand during the flow pe- 
riod. The narrow aortic annulus remains a prob- 
lem [9], but most adult annuli will accept a size 
16 prosthesis. Tables 6 and 7. show that the in 
vivo data differ significantly from in vitro data. 
These variations may be due to lack of full 
opening of the prosthesis in vivo, inertia of the 
prosthetic occluder or valve leaflets, differences 
between the viscosity of blood and laboratory 
test solutions, and anatomical configurations 
producing flow patterns, frictional energy 
losses, and turbulence in the clinical setting that 
are not present in the pulse duplicator [21]. Al- 
though pulse duplicator studies are a necessary 
prerequisite for valve implantation, knowledge 
of how the prosthetic valve functions in vivo is 
necessary as well. 

Unfortunately, in vivo hemodynamic evalua- 
tion of prosthetic valves has several potential 
pitfalls. Transvalvular gradients alone are inade- 
quate since even a mildly stenotic prosthesis 
may produce notable gradients when cardiac 
output is high or the flow period is shortened, 
and a severely stenotic prosthesis may produce 
only a small gradient when cardiac output is 
low. Therefore, the reporting of valve areas is 
preferable since this calculation takes into ac- 
count gradient, flow, and the time available for 
flow. When areas are calculated for a single 
prosthesis in different institutions, results have 
varied markedly [8, 23, 27, 34, 36]. One source 
of variation is deviation from the original Gor- 
lin method for measuring the pressure gradient 
and time available for flow [17]. Some authors 
[36] have used only the time when a gradient 
was present as the flow period, although flow 
can occur even when there is no measurable 
gradient [16]. If the flow period is obtained by 
an alternative method, a different constant 
should be used in the denominator of the Gor- 
lin formula [14, 18]. Some investigators have 
reported data collected in the operating room 
using flowmeters [36], while others have re- 
ported postoperative data from the cardiac 
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catheterization laboratory [8, 12, 22, 23, 27, 32, 
36]. It is possible that valve areas measured 
more than six months after operation may be 
smaller than those measured immediately after 
operation [10, 22]. These decreases may be due 
to tissue ingrowth or buildup of thrombotic ma- 
terial [38]. A final inescapable problem affecting 
calculation of valve areas according to the Gor- 
lin formula is the technical difficulty in accu- 
rately measuring small transvalvular gradients, 
especially with larger prostheses. Using the 
square root of the pressure differences further 
reduces the accuracy of the Gorlin formula as 
applied to larger valve sizes. 

For these reasons, this study has presented 
postoperative hemodynamic data not only for 
the Lillehei-Kaster prosthesis but also Starr- 
Edwards valves. These data were collected and 
calculated in a similar fashion for both types of 
valves. Since the Starr-Edwards prosthesis has 
been so widely utilized, we believe that using 
those valves as a relative frame of reference will 
aid others in evaluating our results with the 
Lillehei-Kaster prosthesis. 

In conclusion, the data presented in this 
study of the Lillehei-Kaster central-flow low- 
profile pivoting-disc prosthesis reveal adequate 
hemodynamic function of all except the smallest 
size aortic and mitral valve prostheses. Based 
on the data from this series the largest size mi- 
tral prosthesis should be avoided when it is 
suspected that postoperative reduction in left 
ventricular chamber size will obstruct disc mo- 
tion. Comparison of the data obtained from pa- 
tients with Lillehei-Kaster and Starr-Edwards 
valves shows approximately equal areas for 
equivalent tissue annulus sizes in the aortic po- 
sition. Mitral valve areas tended to be larger for 
the Lillehei-Kaster valves. Because of the dis- 
parities between in vitro and in vivo perfor- 
mance, we suggest in vivo hemodynamic 
evaluation for all prostheses proposed for clini- 
cal use. 
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Discussion 
DR. ROBERT W. FRATER (New York, NY): The authors 
have demonstrated that the effective orifice areas of 
the Lillehei-Kaster valve are all less than the actual 
orifice areas but do not differ, except perhaps in the 
larger mitral valve sizes, from the areas obtained 
with the old Silastic bare-strut Starr-Edwards valve. 
However, a Starr-Edwards valve, size 2 M with a 
27-mm external diameter, has an internal orifice that 
is smaller than the internal orifice of a Lillehei-Kaster 
valve with the same external diameter. Yet, the effec- 
tive orifice areas of these 2 valves in the present 
study are the same. Why does the Lillehei-Kaster 
valve apparently use its available orifice less effi- 
ciently than the Starr-Edwards valve? 

A possible explanation lies in the technique of in- 
sertion used by the authors. In the study the 
Lillehei-Kaster valve was placed in such a way that 
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the major flow was directed to the subaortic area. 
Another method of insertion was tried with a differ- 
ent but similar eccentric opening valve. Major flow 
was directed toward the free wall of the ventricle. 
Testing this valve in both positions demonstrated 
consistently that the effective orifice areas were 
greater when the valve was oriented to direct flow to 
the free left ventricular wall. Bjórk confirmed this for 
his valve and, in addition, showed that in the aortic 
position when the major orifice directs flow toward 
the greater curvature, the effective orifice areas are 
better than when the major orifice directs flow to- 
ward the lesser curvature. In the present study, the 
authors directed the major flow away from the aor- 
totomy suture line and, therefore, more or less to- 
ward the lesser curvature. 

The other interesting factor is that the data pre- 
sented for mitral prostheses show a wider scatter of 
results and a lower effective orifice area than the 
same size valve used in the aortic position. We have 
encountered exactly the same phenomenon in study- 
ing the Ionescu-Shiley valve clinically. The average 
effective orifice area is less for the mitral valves com- 
pared with the aortic valves, despite a similar design 
in the two positions. This is because in a number of 
instances the effective orifice areas are surprisingly 
low for the size of the mitral valve. In every instance 
we have found this to be associated with patients 
who have poor ventricular function and low cardiac 
output. | 

There are two possible explanations for this dif- 
ference. One is that the Gorlin formula is not ade- 
quate to describe the effective orifice area in the 
presence of low flow and the absence of the square- 
shaped flow wave of tight mitral stenosis; the math- 
ematical error may be as much as 3096. The other 
explanation is that the actual filling period for valves 
in hearts with poor ventricles and poor compliance 
is notably reduced so that the appearance of a low 
effective orifice area is, in fact, a reflection of poor 
ventricular function. 

I congratulate the authors on a solid piece of work. 
They presented a wealth of material studied by ap- 
propriate methods, which were carefully applied. 
The study represents a valuable addition to the litera- 
ture on prosthetic valve replacement. 


DR. DONALD B. EFFLER (Syracuse, NY): St. Joseph's 
Hospital Health Center is a community hospital in 
the strict sense of the word, and cur new program 
began in February, 1976. My remarks are confined 
entirely to technical aspects of prosthetic heart re- 
placement. 

From February, 1976 to January, 1978, a consecu- 
tive series of 103 patients underwent prosthetic valve 
replacement. Most of the valves used were Lillehei- 
Kaster, although a few of the mitral valves were 
Starr-Edwards. No patients died in the hospital or 
within 30 days after discharge. 


The classification of the patients was comparable 
to what the authors reported: the majority were in 
Class II, III, or IV. A notable number of patients were 
undergoing reoperation because many had had pre- 
vious unsuccessful replacement by more conserva- 
tive techniques. 

The most interesting complication involved 2 pa- 
tients with spontaneous rupture of the left ventricle 
during tie immediate postoperative period. We were 
able to reconstruct the ventricle and the patients are 
doing well. 

The p- ncipal point I would like to make is that as 
far as surgical adjuncts are concerned, there is a gen- 
eral trend toward increasing sophistication in 
prosthet. valve replacement. However, our tech- 
nique has been standardized for a number of years 
and is pzrhaps the simplest of all techniques. It in- 
cludes rcutine cannulation of the aorta, the venae 
cavae, and the superior pulmonary vein for left heart 
decompression; high-flow extracorporeal circulation 
at normal temperature; and plain ischemic arrest 
with aori-c cross-clamping. The average time for aor- 
tic valve replacement is 32 consecutive minutes and 
for mitra. valve replacement, 27 consecutive minutes; 
for double valves, there are two periods of equal 
time. We firmly believe that anoxic arrest without 
hypothermia, without cardioplegia, and without 
coronary perfusion is a very satisfactory and very 
simple means of assisting in good standard pros- 
thetic valve replacement. 


DR. CARLOS DURAN (Santander, Spain): At the Uni- 
versity of 2antander, 545 patients received a Hancock 
valve between January, 1974, and December, 1977. 
Of these -atients, 217 were recatheterized; 127 of the 
217 had e mitral valve replacement. 

Dr. Ubago in the catheter laboratory calculated the 
early, mi-, and late diastolic gradients, flows, and 
orifice areas for each patient. Plotting these effective 
orifices against flow and gradient demonstrates that 
all the calculated areas fit within a particular 
parabolic curve corresponding to each Hancock valve 
size. 

A number of conclusions can be drawn. First, the 
Hancock valve effective orifice is not constant but is 
flow relatzd. A 33 valve, for instance, can have an 
effective --ifice of 2, 3, 4, or even 5 cm’ according to 
the flow that crosses it. This explains the results that 
Dr. Frater aas just shown with a tremendous scatter 
of effectiv= orifices for the same theoretical valve 
orifice. Second, at low flow, there is always a higher 
than normal gradient. Third, all valves need a very 
high flow to obtain a large orifice, flows that are 
hardly eve- achieved in clinical situations. 

In spite of the fact that the Hancock valve is not a 
perfect hemodynamic valve, the clinical results are 
superb. Fc- instance, in our series of patients with a 
mitral valve replacement, we have a 9196 actuarial 
survival curve at 42 months. 
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DR. MAYER: I would like to thank all the discussants. 
A question raised by Dr. Frater was why the 
Lillehei-Kaster valve does not give better in vivo 
areas than the Starr-Edwards valve despite the fact 
that in vitro it has better characteristics. One expla- 
nation is that the disc probably does not open to the 
full 80 degrees. Echocardiographic studies do suggest 
this, and Dr. Borst from Hannover told me that in 
their studies the disc does not open to 80 degrees. 
That may be part of the explanation why the in vivo 
areas are not as good as the in vitro areas. In fact, 
Medical, Inc, which makes the Lillehei-Kaster valve, 
is now designing and testing a different disc that is 
banana-shaped. It is hoped it will give a more effec- 
tive flow orifice by allowing more complete disc 
opening. The annulus ring was also made thinner to 
try to allow a bigger primary orifice area for the 14s. 
Whether that will make any difference, I am riot sure. 

Dr. Frater also raised a very good point about the 
mitral valve orientation. We now also orient the 
major flow orifice posteriorly toward the ventricular 


wall rather than toward the aortic outflow tract. We 
think this may have some advantage, in addition to 
the hemodynamics, in reducing the thromboembolic 
rate even further with this prosthesis. 

A question was raised as to why mitral areas seem 
to be smaller than the aortic areas for a given tissue 
annulus size. There are certain problems in measur- 
ing mitral valve gradients because one is measuring a 
relatively small gradient, usually on the order of 5 to 
10 mm Hg, and there is a technical problem involved 
in accurately measuring that small a gradient. In the 
aortic area there may be greater gradients. 

Dr. Duran, we also have found that exercise areas 
when they are calculated tend to be larger by 0.1 to 
0.2 cm* than resting data for the same patient. 

One last comment to Dr. Frater. He did not see the 
data on mitral valve replacement that excluded those 
patients who had limitation of the disc motion by the 
ventricular wall. When those patients are excluded, 
then the larger size Lillehei-Kaster valves have much 
more favorable hemodynamics. 


Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the Marco Beach Hotel, Marco Island, FL, on 
November 2-4, 1978. There will be a $100 reg- 
istration fee for nonmember physicians except 
for guest speakers, authors and coauthors on 
the program, and residents. There will be a 
Postgraduate Program on Difficult Problems in 
ourgical Management preceding the regular 
program. This meeting has been approved for 
Category I CME credit. 


Manuscripts of papers accepted for the pro- 
gram must be submitted to The Annals of 
Thoracic Surgery by October 15, 1978. 

Hotel reservations may be made by writing to 
the Marco Beach Hotel, 400 South Collier Blvd, 
Marco Island, FL 33937 (phone: 813-394-2511). 


]. Kent Trinkle, M.D. 
Secretary- Treasurer 


Long-Distance Transportation 
of Human Hearts for Transplantation 


Francis T. Thomas, M.D., Szabolcs S. Szentpetery, M.D., 
Robert E. Mammana, M.D., Timothy C. Wolfgang, M.D., 


and Richard R. Lower, M.D. 


ABSTRACT This communication describes the 
preservation and long-distance (203 to 1,400 km) 
transportation of 6 human donor hearts with a 
hemodynamically successful short-term outcome in 


the recipients, all of whom were critically ill from 


end-stage cardiac failure. These techniques of 
long-distance donor heart transportation, not previ- 
ously described in the human, offer prospects for 
markedly improving the logistics of heart transplan- 
tation in critically ill recipients who require immedi- 
ate transplantation in face of limited local capability 
for securing an adequate donor heart. These systems 
may also prove of value in cardiac transplant pro- 
tocols, such as rapid retransplantation during rejec- 
tion and programmed protocols for recipient pre- 
treatment to promote enhancement of graft survival, 
that require obtaining a donor heart in an expedient 
manner, 


Cardiac transplantation is an option for certain 
patients with end-stage cardiomyopathy or se- 
vere left ventricular failure from coronary artery 
disease that is not amenable to other forms of 
therapy. If a cardiac donor is not found for these 
patients, short-term mortality approaches 100% 
in a three-month period [3]. In addition, some 
potential recipients, including most of the pa- 
tients described here, are critically ill from 
end-stage cardiac failure at the time they are 
seen and require urgent transplantation. The 
standard technique for transplantation in such 
patients involves procurement of a donor heart 
within the recipient’s institution and immedi- 
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ate transplantation with a donor-heart ischemia 
period cf an hour or less in most cases [1]. Such 
a limited procurement technique necessarily 
precludes transplantation in many patients, 
especialy with the recent decline in available 
donors. The absence of effective heart-support 
devices at present contributes to the high mor- 
tality in potential recipients for whom a suit- 
able doror is not found. Prolonged periods re- 
quired zor obtaining donor hearts will also 
interfere with programmed recipient treatment 
done be:ore transplantation in an effort to in- 
duce enhancement of graft survival. This pre-. 
liminary communication outlines both a system 
for securing donor hearts in institutions geo- 
graphically distant from the recipient and effec- 
tive techniques for short-term storage of donor 
hearts that allow transportation up to 1,448 km 
and that increase the chances for a hemodynam- 
ically successful transplantation. 


Methods and Results 

Techniques of cardiac transplantation including 
recipien- selection, the transplant operation, - 
and postoperative care in our unit have been 
previously described in detail and will not be 
discussed here [7]. Our previous technique of 
transplantation involved removal of the donor . 
heart in the operating room adjacent to that in 
which the transplant was to be done, immedi- 
ate transfer of the heart, and transplantation 
with less than 1 hour of ischemia. 

The first patient we treated by long-distance 
transportation and orthotopic transplantation 
of the heart was a 55-year-old man with end- 
stage cardiomyopathy. On May 9, 1977, a donor 
heart became available in a city 1,094 km from 
Richmond. Simultaneous excision of the donor 
heart and kidneys was performed. The donor 
heart was immersed in a 4°C solution of saline, 
packed in a plastic bag, and transported by 
charterec jet to Richmond. The total time of 
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warm ischemia was less than 2 minutes while 
the total transport time (time of excision to time 
of arrival in the operating room where the re- 
cipient was prepared) was 2 hours 25 minutes. 
The heart was transplanted orthotopically in 46 
minutes, giving a total ischemia time of 3 hours 
15 minutes. The heart fibrillated spontaneously 
and was defibrillated after two attempts, and 
the patient came off bypass 38 minutes later. 
The patient maintained an adequate circulation 
and good urine output with an isoproterenol 
drip of 8 wg per minute. The drug was discon- 


‘tinued after about 72 hours, and the circulatory 


status of the recipient remained adequate until 
31 days after operation when the patient died of 
refractory rejection. Electrocardiographic trac- 
ings and serum enzymes revealed a pattern not 
unlike that of patients who received transplants 
in the past at our institution with a shorter pe- 
riod of ischemia. Myocardial biopsy specimens 
taken 11, 17, and 24 days after operation as well 
as postmortem histopathology showed a well 
preserved mycardium and changes of rejection. 
Myocardial cytolysis was minimal even in the 
final biopsy specimen. 

Our second long-distance cardiac transport 
and transplantation was performed on July 22, 
1977. The recipient was a 29-year-old man with 
cardiomyopathy and severe cardiac decompen- 
sation. On the day of transplantation, the recip- 
ient was intubated and placed on a respirator 
because of severe dyspnea and hypoxia. He was 
severely oliguric and serum blood urea nitrogen 
rose to more than 100. A donor heart was taken 


from a 19-year-old woman at an institution 


1,400 km from Richmond. The heart was ex- 


cised, placed in a 4°C saline solution, and trans- - 


ported to Richmond. The total warm ischemia 
time was less than 1 minute. The total transport 
time was 2 hours 10 minutes, and the total isch- 


emia period was 3 hours 15 minutes. Following: 


orthotopic transplantation, the heart developed 
a slow atrioventricular nodal rhythm after de- 
fibrillation. Internal pacing was necessary to 
obtain a rate of 100 to 110 per minute. The pa- 
tient was taken off bypass 45 minutes after re- 
vascularization and had a blood pressure of 130 
to 150/80 with an isoproterenol drip of 4 ug per 
minute. Pacing was discontinued the next day, 
and a normal sinus rhythm resumed. Isopro- 


terenol was discontinued 3 days after opera- 
tion. Serial ECG tracing and serum enzymes 
were similar to those in previous patients with 
shorter periods of ischemia. The recipient re- 
quired no further cardiac support during the 
first three posttransplant weeks. There were no 
rejection episodes and at the time of writing, 
eight months after transplantation, the recip- 
ient's condition was excellent. 

The third instance of long-distance preserva- 
tion and orthotopic transplantation occurred on 
July 23, 1977. The recipient was a 51-year-old 
man with end-stage cardiomyopathy requiring 
intubation for assisted ventilation and high 
doses of inotropic drug support. The donor was 
a 9-year-old girl who had a massive intracere- 
bral hemorrhage. Simultaneous excision of the 
donor kidneys and heart was performed. The 
procedure was complicated by a precipitous 
fall in donor blood pressure to undetectable 
levels 10 minutes before cardiac excision. The 
warm ischemia time was 1.5 minutes and the 
heart was stored in a cold saline solution at 
4*C. The heart was transported by helicopter to 
a waiting chartered jet and flown 386 km to 
Richmond. The total transport time was 1 hour 
20 minutes. Cardiac arrest occurred before the 
institution of bypass, and the recipient was 
severely acidotic with a bicarbonate of 11 mEq. 
The heart was orthotopically transplanted with 
a total ischemia time of 2 hours 40 minutes. 
The transplanted heart resumed a rhythm spon- 
taneously but had a variety of supraventricular 
arrhythmias. Cardiac action was good, and by- 
pass was discontinued 27 minutes after cardiac 
revascularization. Isoproterenol at a rate of 
2 to 3 ug per minute was infused to support 
the heart for 36 hours. Diuresis and improve- 
ment in overall condition developed, allowing 
extubation and discontinuance of isoproterenol 
within 72 hours of operation. The patient was 
severely debilitated and had a chest infiltrate 
before transplantation. Severe bilateral pneu- 
monia developed after transplantation and re- 
quired tracheostomy and ventilator support, 
but the patient was hemodynamically stable un- 
til he died of pneumonia and sepsis 22 days 
after the procedure. At postmortem examina- 
tion, the heart was well preserved with minimal 
evidence of myocardial cytolysis or rejection. 
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The fourth long-distance cardiac transport 
and transplantation procedure was done on July 
28, 1977. The recipient was a 51-year-old man 
with end-stage cardiac failure. He was in car- 
diogenic shock requiring vasopressor support 
and intubation for assisted ventilation at the 
time of transplantation. On July 28, 1977, a 
donor heart became available in an institution 
113 km from Richmond. The donor was an 18- 
year-old man. The donor heart was excised, 
flushed with saline at 4°C, and packed in a plas- 
tic bag surrounded by iced saline. It was taken 
by police escort to the airport and then by char- 
tered jet to Richmond. The total warm ischemia 
time was 2.5 minutes and the total transport 
time was 1 hour 46 minutes. The total time from 
excision to revascularization of the heart was 3 
hours 30 minutes. The heart resumed a spon- 
taneous beat, but had to be paced. The patient 
was taken off bypass 38 minutes after revas- 
cularization of the heart. Drops of dopamine 
and of isoproterenol (approximately 14 ug per 
minute and 2-3 wg per minute, respectively) 
were required for cardiac support. The patient 
maintained a blood pressure of 85 to 110 on this 
regimen. On the second postoperative day 
isoproterenol was discontinued, and dopamine 
was discontinued on the third postoperative 
day. Serial ECG tracings showed no evidence of 
ischemic myocardial damage. The patient's 
course remained satisfactory until the second 
postoperative month when pneumonia de- 
veloped. He died 56 days after transplantation. 
At postmortem examination the heart was well 
preserved, myocardial cytolysis was minimal, 
and rejection was mild. Severe bilateral pneu- 
monia was the cause of death. 

The fifth long-distance transplant procedure 
was for a 39-year-old patient with cardio- 
myopathy and end-stage cardiac failure. The 
patient was given the buffy coat extract from 5 
units of blood; this was repeated two weeks 
later in an attempt to enhance graft survival. Six 
days after the last buffy coat transfusion, a 
donor heart became available in an institution 
203 km away. Because of adverse weather con- 
ditions, all airplane flights were grounded, and 
the heart had to be transported by ground travel 
under difficult weather conditions. These prob- 
lems resulted in a transportation time of more 


than 2 Fours despite the rather short distance. 
The totzl cardiac ischemia time was 3 hours. 
The transplanted heart performed well and re- 
quired only moderate doses of isoproterenol. 
The patient had had no rejection episodes and 
was in excellent health at the time of writing, 4 
months after operation. 

The sixth long-distance heart transplant pro- 
cedure was for a 46-year-old man with a 3-year 
history suggestive of cardiomyopathy and with 
end-stage cardiac failure. The patient was given 
buffy coat extract from 5 units of blood on two 
occasions at a two-week interval between trans- 
fusions. A donor heart was secured in a city 732 
km away seven days later. The heart was trans- 
planted after an ischemia period of 3 hours 50 
minutes. A heterotopic transplant was per- 
formed using a variation of the technique of 
Barnard and Losman [4] in which prosthetic 
grafts are utilized for donor aortic and pulmo- 
nary artery grafting. The patient was removed 
from bypass in 45 minutes. He had an eventful 
early pcstoperative course related to the need 
for reoperation to control bleeding, unexpected 
ventricular fibrillation of the donor heart, and 
partial liver and renal failure. Moderate levels of 
inotropic support were necessary for six days 
but the drug requirements appeared to be re- 
lated more to the insufficiency of the recipient 
heart than to the requirements of the donor 


Summary of the Richmond Experience 
with Long-Distance Human Heart Transportation 
for Transplantation 


Cistance Time to Dis- Total Heart Inotropic 
Heart continuance Ischemia Drug 
Transported of Bypass Time Support? 

Patient (km) (min) (hr/min) (days) 

1 1 094 38 3/15 L/3 

2 1,400 45 3/15 L3 

3 386 27 2/40 L/3 

4 “113 38 3/30 L/3 

5 203 57 3/ M/4” 

6 732 45 3/50 Mi6* 

Mean 777 41/38 3/15 L-Mi3-4 


“Usually witn isoproterenol alone but Patient 4 was also adminis- 
tered dopamine. (L = low dosage; M = moderate dosage.) 

?A prolongec period of partial bypass support was necessary appar- 
ently becaus2 of the recipient's condition. The two numbers given 
for bypass support time represent mean time including and exclud- 
ing this patient, respectively. 

*Heterotopi- transplant: drug support required for donor and re- 
cipient hearts. 


T 
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heart. Because of the precarious situation of the 
recipient and because of evidence of sepsis, 
immunosuppressive therapy was minimized 
and evidence of donor heart rejection occurred 
one month after the transplant. At the time of 
writing the patient was improving although he 
was still in critical condition. Donor heart func- 
tion was assessed as good to excellent until the 
rejection one month after the procedure. 

The Table summarizes some aspects of the 6 
long-distance heart transplants done in our 
unit. 


Comment 

These 6 transplants are among the first recorded 
long-distance (> 322 kg) transportation and 
transplantation of human hearts with satisfac- 
tory hemodynamic outcome in the early post- 
transplant period. The performance of the 
hearts and the subsequent early course of the 
recipients suggest that long-distance transpor- 
tation of human hearts for orthotopic cardiac 
transplantation is currently feasible. At the time 
of writing, 3 of the 6 recipients were alive, and 
no deaths could be attributed to inadequate 
hemodynamic performance of the donor hearts 
transported for long distances. 

The posttransplant performance on these 
hearts did not appear to differ from previous 
transplantations done with shorter ischemia 
times. The patients were weaned from car- 
diopulmonary bypass in a mean of 38 minutes 
(range, 27 to 57 minutes) after cardiac revas- 
cularization. The results compare favorably 
with those of Shumway who used hearts ob- 
tained locally and who had a mean time of 
bypass support of 47 minutes. Low doses (1 to 
14 ug per minute) of cardiotonic drug support 
were required in the early posttransplant pe- 
riod. This observation is similar to our previous 
experience with donor hearts obtained in 
Richmond and with a shorter period of isch- 
emia. The drug support requirement is prob- 
ably related to the recipient's high pulmonary 
vascular resistance which acutely confronts the 
donor right ventricle. All previous patients 
were removed from cardiotonic drug support 
within 2 to 5 days of transplant. 

The donor heart storage and transportation 
system described was designed to minimize 


donor myocardial ischemic damage primarily 
by cold storage and rapid transportation. Previ- 
ous animal experiments suggested that donor 
heart ischemia up to 4 hours using simple cold 
storage in saline was acceptable [2]. Long- 
distance cardiac transplantation requires three 
periods of ischemia: (1) warm ischemia, defined 
as the time from cardiectomy to cooling of the 
heart; (2) cold ischemia time, which involves 
donor hospital-to-airport, airport-to-airport, 
and  airport-to-recipient hospital transport 
time; and (3) operative time during which the 
donor heart is sewn into the recipient and car- 
diac blood flow is restored. The so-called warm 
ischemia time (from donor excision to immer- 
sion in cold saline) was minimal (1 to 2 min- 
utes) in all recipients, and this appears to be an 
important factor in providing adequate myo- 
cardial protection from ischemia before long- 
distance transplantation. The time required to 
complete the atrial, pulmonary artery, and aor- 
tic anastomoses for the transplant represents a 
period in which the donor heart is no doubt 
partially rewarmed and, therefore, subject to 
additional ischemic damage. Attempts were 
made in all our patients to minimize ischemic 
damage during this period by intermittently 
placing cold saline into the pericardium. 

The rapid transportation system for long- 
distance donor heart transportation is de- 
pendent upon a chartered Lear jet that has an 
air speed of 805 to 885 km per hour, a climb rate 
equal to commercial jets, and excellent air-to- 
ground communication systems. This provides 
the most rapid subsonic speed transportation 
system available at present. Our maximum 
transport distance of 1,400 km in this series 
could probably be increased to more than 1,609 
km within a total allowable cardiac ischemia 
period of 4 hours. The excellent air-to-ground 
communication system of the Lear jet allows 
prompt communication with the recipient 
operating room. When the jet is within 10 to 15 
minutes of the Richmond airport (25 to 30 min- 
utes from the time of arrival of the donor heart 
in the recipient operating room), the recipient 
is placed on cardiopulmonary bypass and the 
heart excision is accomplished. This minimizes 
both the period of donor heart ischemia and the 
period of recipient cardiopulmonary bypass 
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(mean, 2 hours 18 minutes; range, 1 hour 53 
minutes to 3 hours 17 minutes in the present 
series of patients). 

In our experience with transportation be- 
tween donor and recipient hospitals and their 
respective airports, we have been impressed by 
hospital-to-airport helicopter transportation, 
which has the following advaniages: (1) direct 
line transportation between two points; (2) 
avoidance of the vagaries of city and highway 
traffic, including delays because of heavy traffic 
and accidents; (3) ability of the helicopter to set 
down directly opposite the waiting jet, which 
minimizes the time of transfer from helicopter 
to jet; and (4) the generally superior geographic 
orientation and radio contact that the helicopter 
has with the airport compared with ambulance 
or police transportation. The system described 
seems to be appropriate for transportation 
within the eastern half of the United States. 
This encompasses a large area with a potential 
transport distance up to 1,609 km. In one of the 
case reports presented here, ground transporta- 
tion to and from airports consumed more than 
60% of the total transport time. This illustrates 
that the focus of long-range heart transport 
needs to be as much on hospital-to-airport and 
airport-to-hospital times as on the actual flying 
time. 

Five areas in which long-distance cardiac 
transportation and transplantation may be ad- 
vantageous in improving cardiac transplanta- 
tion technology include the following: (1) 
all cardiac recipients; (2) recipients requiring 
exigent transplantation, such as those in 
cardiogenic shock; (3) recipient enhancement 
protocols; (4) rapid retransplantation; and (5) 
postoperative open-heart patients in refractory 
cardiogenic shock. The immediate goal of 
long-distance cardiac transportation is to im- 
prove the logistics of donor organ procurement 
for all cardiac recipients. We have concluded 
from this initial experience that in most in- 
stances an ABO-blood-group compatible donor 
heart could be secured from the regional organ 
procurement area of the eastern part of the 
United States within a week. This is important 
because of the lack of artificial organ support 
systems for temporary cardiac assist and the 
preterminal status of many recipients who are 


referred for transplantation only after all other 
medical and surgical measures are exhausted 
and who are in cardiogenic shock at the time 
they are seen for transplantation. Even in units 
dealing primarily with patients in chronic 
end-stage cardiac failure, the mean survival of 
patients from time of designation as a potential 
recipient is only 27 days, and 30 to 5096 of po- 
tential recipients die before a donor heart can 
be obtained. The Figure compares the waiting 
time for a donor heart in the Stanford series, a 
previous Richmond series using local donors, 
and our recent group utilizing long-distance 
donor transportation. The mean waiting time 
for a donor heart utilizing long-distance trans- 
portation is 2.6 days (range, 1 to 6 days). The 
difference between the long-distance transpor- 
tation group and the other two groups is sig- 
nificant (v < 0.05). The use of protocols for re- 
cipient pretreatment in an attempt to produce 
graft enhancement is a newer concept that was 
utilized ia our last 2 long-distance heart trans- 
plants. This technique draws its rationale from 
studies cf lower animals [6] and studies of 
human kidney transplants [5]. Our studies with 
lower animals suggest that the transplant needs 
to be per-ormed soon after completing the en- 
hancing protocol and that untoward delays in 
transplanting the donor organ will result in 
suboptimal graft prolongation by the donor 
pretransplant protocol. A more detailed discus- 
sion of this subject is published elsewhere [7]. 
Long-distance transplantation should allow 
more rapid retransplantation for recipients in 
whom severe rejection develops and is also po- 
tentially applicable to treatment of postopera- 
tive cardiac patients in refractory cardiogenic 
shock since a donor can often be obtained in 1 
to 2 days. 

This preliminary report describes an early 
experience with long-distance cardiac transpor- 
tation and transplantation that has produced a 
successful short-term outcome in all 6 patients 
to date. Further development and refinement of 
this system may allow a wider availability of 
donor hezrts for recipients who are at high risk 
of death in an interim period during which they 
must wai! for a suitable donor organ or for re- 
cipients who rapidly become moribund while 
awaiting a donor heart from local sources. The 
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plantation. 


system also offers potential for improvement of 
cardiac transplant technology in other areas, 
such as the use of programmed protocols for 
recipient pretreatment in an attempt to enhance 
cardiac transplant survival. 


Addendum 

Since the submission of this manuscript, we have 
performed 6 additional long-distance donor heart 
transportation and transplantation procedures utiliz- 
ing the techniques outlined here. All hearts per- 
formed well hemodynamically in the early post- 
transplant period. 
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Discussion 

DR. RICHARD N. EDIE (New York, NY): This successful 
experience in rapid long-distance transportation of 
human hearts for transplantation is a remarkable feat 
of organization and communication. All of the recip- 
ients were critically ill, and 3 required mechanical 
respiratory assistance and high-dose cardiotonic 
drugs for cardiogenic shock. A donor heart had to be 
found outside the local community in order to ac- 
complish immediate transplantation. The ability to 
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perform accurate immunological studies on the 
donor at a distant institution and the modern meth- 
ods of myocardial preservation were essential to the 
success of this type of program. 

Our recent experience at Columbia-Presbyterian 
has been similar. Our 3 transplant recipients were 
critically ill in chronic congestive failure 1 to 4 years 
after previous open-heart procedures; 1 repair of tet- 
ralogy of Fallot and 2 myocardial revascularizations. 
All patients required mechanical respiratory support 
and were on a regimen of cardiotonic drugs. In addi- 
tion, intraaortic balloon counterpulsation was neces- 
sary in 2 patients to improve cardiac performance 
and the function of the kidneys and brain. Use of the 
intraaortic balloon, though it has inherent risks in 
the transplant patient, allowed us more time to 
search for and evaluate potential donors, both locally 
and from a distance. 

Unlike the Richmond group, we have elected to 
transport the entire donor patient with life-support 
mechanisms to Columbia-Presbyterian rather than 
transport only the heart. There are several reasons for 
this decision. First, we are better able to organize the 
logistics of the transplant operation and the sub- 
sequent care of the recipient with minimal disrup- 
tion in an otherwise very busy cardiac surgical ser- 
vice. Second, we are able to evaluate the potential 
donor and assess his cardiac function before commit- 
ting ourselves to a transplant. Often our potential 
donors have been in a low cardiac-output state be- 
cause of fluid loss or an unrecognized cardiac injury, 
and this period has allowed us time to simultane- 
ously diagnose any cardiac pathology and improve 
any derangement in cardiovascular hemodynamics. 
Third, we prefer to perform the tissue typing of the 
potential donor ourselves. And fourth, we have em- 
barked on the clinical study of donor pretreatment 
before donor heart removal. This clinical work is 
based on the solid evidence gained at our institution 
in studies with the laboratory animal that donor pre- 
treatment before heart removal has a statistically sig- 
nificant effect on lengthening the survival of the 
transplanted heart. Our clinical base is too small for 
comment; however, the 2 survivors are alive and well 
eight and ten months postoperatively without signs 
of hemodynamic dysfunction. 

In summary, I believe either approach is accept- 
able and the Richmond group should be commended 
for its excellent and innovative work. 


DR. FRANCIS ROBICSEK (Charlotte, NC): I congratulate 
the Richmond group on their very impressive results 
and would like to present an alternative to this type 
of heart graft preservation. 

The heart and lung are removed from the body and 
converted to the heart-lung preparation, and a can- 
nula is inserted into the aortic arch, is connected to a 
Silastic bag, and suspended about 91 cm above the 
preparation. This stabilizes the volume and blood 


pressure The preparation requires no mechanical 
support other than a respirator, and we have had 
extensive experience in keeping preparations easily 
for six to eight hours, and, in some cases, for as long 
as three days. 

With this technique, a human heart can be re- 
moved from an accident victim after death, resusci- 
tated, and then placed in a container. The prepara- 
tion is connected only to the pressure-stabilizing 
bag and the respirator. The preparation is easy to 
handle and can be put either in a plastic bag or a 
container. 

Again, the principal advantage of this method is 
its simplicity. It allows the transfer of donor hearts 
around tke world without any time of ischemia. 


DR. THOMAS: I thank all the discussants. Dr. Edie has 
clairvoyantly presented some of the major reasons for 
the transportation of the intact donor to the recip- 
ient's center. This method allows more complete tis- 
sue typing and, in some instances, more adequate 
donor pretreatment. We do use donor pretreatment, 
which we consider optimal. It consists of a massive 
bolus of steroids administered to the donor before 
removal cf the heart. We do not use the Cytoxan 
(cyclophosphamide) pretreatment, which Dr. Gutt- 
man has outlined. We have not found any correla- 
tion of tissue typing with our overall graft results 
and, therefore, are not too concerned about tissue 
typing. 

We have not seen hyperacute rejection and, there- 
fore, do rot cross-match these patients, although we 
do screen the recipients for random donor-anti- 
bodies be-ore transplantation. 

At the present time, 4 of our recipients are alive 
and we an-icipate a 50% graft survival. Over a 5-year 
period, we have achieved a 25 to 3096 overall patient 
salvage ra-e in these very critically ill patients and, 
because of these results, believe this is a worthwhile 
clinical er.deavor. 

Dr. Robicsek’s heart-lung preparation is certainly a 


novel way of preserving the heart. My own prefer- 


ence is to preserve the heart in a compact sterile 
package ard transport it quickly by airplane. I think 
this is much simpler. In any case, the big need in this 
area is to develop more adequate preservation so- 
lutions so :hat we can extend cardiac ischemia time 
up to 24 hours. 

Recently we have developed two solutions that 
consistent. have achieved survival of the heart and 
adequate performance of the heart when trans- 
planted after 24 hours of ischemia. This clearly al- 
lows adequate time to transport a heart from virtu- 
ally any city in the United States to another city in 
this country for transplantation. 

But any lengthy journey begins with one step. 
Perhaps this simple system is a good beginning for 
what I think will become a very important addition 
to our techniques of cardiac transplant technology. 
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President and Director of Kaufman 
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Operative Closure of Isolated 
Defects of the Ventricular Septum: Planned Delay 


R. Darryl Fisher, M.D., Scott L. Faulkner, M.D., C. Gordon Sell, M.D., 
Thomas P. Graham, Jr., M.D., and Harvey W. Bender, Jr., M.D. 


ABSTRACT Selection of patients and the timing of 
operation for closure of ventricular septal defect 
(VSD) can be difficult because the risk of operation 
must be balanced against the hemodynamic abnor- 
mality and the age and size of the infant. In the past 
6 years we have individualized our approach to the 
timing and necessity of operation in the patient with 
an isolated VSD. During this period, 133 patients 
with VSD were evaluated, and 71 underwent opera- 
tive closure of the VSD. Of the 133 patients, 90 were 
2 years old or younger, and 40 of them required op- 
eration because of congestive failure and growth re- 
tardation. Of the 45 infants who did not undergo 
operation, 17 have small intracardiac shunts with 
normal pulmonary vascular resistance while the 
other 28 infants remain compensated and are grow- 
ing despite moderate left-to-right shunts. A persis- 
tent, large intracardiac shunt was the indication for 
operation in 31 of the 48 older patients; the other 17 
older patients remain well. Although 3 severely 
growth-retarded infants (2 to 4 kg) died soon after 


operation, all infants weighing 4 kg or more survive. - 


No child has died during preoperative observation, 
and irreversible pulmonary vascular changes have 
not occurred. Most infants with VSD and large intra- 
cardiac shunts do require early VSD closure, but the 
risk of operation remains high in the tiny neonate 
with profound failure. With appropriate hemo- 
dynamic and clinical criteria, operation for se- 
lected infants can be delayed so that the risk of oper- 
ation can be minimized. 


During the past 6 years we have approached the 
treatment of patients with an isolated defect of 
the ventricular septum on an individualized 
basis because the selection of patients and the 
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timing of operative closure must be balanced 
against the hemodynamic abnormality and age 
of the patient. In this series, prompt operation 
was performed when necessary and, in particu- 
lar, operative closure was performed for all pa- 
tients with intractable congestive heart failure, 
regardless of age or size. On the other hand, 
operative closure of the defect was delayed for 
several months in the small and growth- 
retarded infant who responded to vigorous 
medical therapy. Corrective operation was elec- 
tively performed in those older infants and 
children with a persistent intracardiac shunt of 
hemodynamic importance. In an effort to define 
the effectiveness of this approach, we reviewed 
the clinical course of all patients with an iso- 
lated defect of the ventricular septum undergo- 
ing treatment and evaluation at the Vanderbilt 
University Medical Center since 1971. 


Material 

Since July 1, 1971, 133 patients with an isolated 
defect of the ventricular septum had cardiac 
catheterization at our institution. There were 64 
boys and 79 girls. The age distribution of the 
patients at the time of diagnosis was as follows: 
0 to 4 months, 22 patients; 4 to 7 months, 20 
patients; 7 to 13 months, 13 patients; 13 to 19 
months, 17 patients; 19 to 25 months, 18 pa- 
tients; and 25 months or older, 43 patients. Of 
the 133 patients, 85 were less than 2 years old 
when we first saw them. 


Operative Group 

To date, 71 patients have undergone operative 
closure of the ventricular septal defect (VSD). At 
the time of operation, 40 of the 71 patients 
(5690) were less than 2 years old (Table); 
all 40 infants exhibited growth retardation 
and intractable congestive failure. Of these 
40 patients, 33 were less than 18 months old. 
Within 3 months after the diagnosis was made, 
25 of the 40 infants underwent operative clo- 
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Distribution of Patients by Age at the Time of 
Operation for the 71 Patients Undergoing 
Operation and by Age at the Time of Diagnosis for 
the Medical Group 


Patients 

Age (mo) Operative Group Medical Group 
0-3 6 16 
4—6 8 12 
7-12 8 5 
13-18 11 6 
19-24 7 4 
More than 24 31 19 
Total 71 62 


sure of the VSD; 15 had delayed operations. 
The prompt approach to operative treatment 
in these 25 patients reflected the severity of 
the hemodynamic abnormality. They all exhib- 
ited intractable congestive failure that re- 
mained uncontrollable even during inpatient 
medical management. On the other hand, pe- 
riods of medical treatment of 3 to 22 months 
were possible in the remaining 15 patients un- 
dergoing operation who were 2 years old or 
younger. The congestive failure in these 15 pa- 
tients initially responded to medical treatment, 
but each patient remained severely growth re- 
tarded. When these infants approached 2 years 
of age, operation was performed. 

Older patients with persistent VSD and major 
left-to-right shunt included the remaining 31 
patients in the operative group. They generally 
underwent operative closure of the defect at 
a convenient elective time, usually within 6 
months following diagnostic catheterization. 
Pulmonary artery banding was not employed 
for palliation in patients with isolated defect of 
the ventricular septum during this period. 


Medical Group 
Of the 133 patients with isolated defect of the 
ventricular septum, operative closure was de- 
layed, deferred, or proved unnecessary in 62 
patients. The age distribution of these 62 pa- 
tients at the time of diagnosis is shown in the 
Table. 

At the time of diagnosis, 90 patients of the 
entire group of 133 were less than 2 years old. 


To date, 45 of them have been observed 
and have not undergone operative closure 
of the VSD. These 45 patients comprise 73% 
of the patients being observed medically. 
Three clinical categories became evident in 
our recommendations for either nonoperative 
treatment or delayed operative treatment. First, 
in the infant with severe congestive failure and 
growth retardation who responded to medical 
treatment, operation was delayed until the pa- 
tient was about 2 years old; relief of the signs 
and symptoms of failure and progressive 
growth, although below normal, were used as 
criteria for delayed operation in these infants. 
Second, unrelenting congestive failure re- 
mained an indication for operation regardless 
of age or size. Third, the patient who was more 
than 2 years old with a VSD and major intracar- 
diac shunt was considered to have a persistent 
defect, and operation was done electively. 


Operative Methods 

The technical aspects for operative closure of 
isolated defects of the ventricular septum have 
been retined by many individuals in recent 
years [2—4, 16]. Our technique for repair has not 
differed from the standard methods and usually 
consisted of complete cardiopulmonary by- 
pass, with moderate general body hypother- 
mia (30°C). Recently, in 13 small infants, 
profound hypothermia and circulatory arrest 
with surface cooling and extracorporeal core 
cooling and rewarming were utilized. The 
defect in the ventricular septum was always 
closed with a knitted Dacron patch tailored to 
slightly exceed the dimensions of the defect. 
Generallv, 3 to 5 interrupted mattress sutures of 
5-0 monofilament material were placed in the 
inferior margin of the defect. The remainder of 
the perimeter of the patch was attached to the 
margin of the defect by a continuous suture. Of 
the VSDs corrected in this manner, 7496 proved 
to be infracristal (type II). Early in this experi- 
ence, all defects were closed through a vertical 
right ventriculotomy; more recently, the trans- 
atrial approach has proved useful, especially in 
the small infant undergoing repair by means of 
the technique of profound hypothermia and 
circulatory arrest. A patent ductus arteriosus 
was ligated in 4 patients before cardiopulmo- 
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nary bypass. A patent foramen ovale or an os- 
tium secundum atrial septal defect was closed 
in 11 patients. Removal of a previously placed 
pulmonary arterial band and widening of the 
narrowed main pulmonary artery by a patch 
graft was necessary in 10 patients more than 2 
years old who had been seen elsewhere ini- 
tially. 

Cardiac catheterization is recommended in 
all patients despite complete clinical recovery at 
6 months to 1 year after operation to verify the 
completeness of the repair. Of the 71 patients, 
28 have now undergone postoperative cardiac 
catheterization. 


Results 

Operative Group 

Of the 71 patients undergoing closure of the 
VSD, 3 (4.2%) died after operation. They were 
3 severely growth-retarded infants weigh- 
ing 2.8 to 3.6 kg. Two of the 3 infants were 
less than 3 months old at the time of operation, 
and 1 of these had sustained a preopera- 
tive cardiac arrest. The other infant was 9 
months old and weighed 3.6 kg. Postmortem 
examination was performed for 2 of the 3 in- 
fants; secure closure of the defect had been ac- 
complished in each. Among the 38 patients un- 
dergoing operative closure of an isolated defect 
of the ventricular septum since July, 1974, 
there have been no deaths. 

There were apparently no unique intraopera- 
tive or postoperative complications associated 
with the operative closure of the isolated septal 
defect in these patients. All patients underwent 
controlled or intermittent ventilation for the 
first 24 hours following operation; however, 9 
patients required an additional 24 hours of me- 
chanical ventilation, and 5 patients required 
ventilatory support for longer than 48 hours. 
Transient, mild congestive heart failure ap- 
peared in the early postoperative period in ap- 
proximately one-fourth of the 71 patients, but it 
was easily controlled with digitalis and di- 
uretics. Early supraventricular and ventricular 
arrhythmias were infrequent and were readily 
suppressed by medication. Complete heart 
block did not occur during the postoperative 
period in any patient. Positive inotropic agents 
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Preoperative and postoperative pulmonary artery 
systolic pressure in 28 patients who underwent post- 
operative cardiac catheterization. 


were used in the immediate postoperative pe- 
riod in 12 of the 71 patients undergoing opera- 
tive closure. Only 1 patient who underwent 
operative closure of the defect by conventional 
methods of cardiopulmonary bypass had tran- 
sient focal seizures in the immediate postopera- 
tive period. 

Complete postoperative cardiac catheteriza- 
tion data were available on 28 patients for com- 
parison with the preoperative study. All post- 
operative. studies were done 6 to 12 months 
after the procedure. No major residual ventricu- 
lar septal defects were detected. The reduction 
in pulmonary artery pressure after operation is 
shown in the Figure. 


Medical Group 

To date, of the 133 patients in the series, 62 
have not undergone operative closure of the 
VSD for various reasons. Twenty-nine patients 
were found to have a small intracardiac shunt, 
with normal pulmonary artery pressure. Four 


, patients exhibited a reduction in intracardiac 


shunting by sequential cardiac catheterization, 
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and spontaneous or partial closure of the defect 
was assumed in each instance. The other 29 pa- 
tients remain compensated despite moderate to 
large intracardiac shunts (Qp/Qs greater than 
2/1). Of these 29 patients, all but 1 are younger 
than 2 years of age. None have been scheduled 
for operation, but most will probably require 
operative closure of the defect. There was 1 
death among the 62 patients not undergoing 
operation. This was a 9-month-old child who 
died of bacterial meningitis. 


Comment 

The individualized approach to the patient 
with an isolated defect of the ventricular sep- 
tum recognizes and places in perspective the 
several important, but different, features of the 
natural history of this malformation. It makes 
early operation available to the symptomatic in- 
fant, but it delays elective operative closure 
until later for the infant who responds to medi- 
cal treatment. As a result of this planned de- 
lay, the possibility of spontaneous closure is 
realized without notably risking the threat of 
irreversible pulmonary vascular changes. 

Spontaneous closure is an enticing possibil- 
ity for the patient with an isolated defect of the 
ventricular septum. The reported and inferred 
frequency of spontaneous, complete closure of 
such defects is projected to be in the range of 25 
to 50% [7, 8, 10, 12]. Spontaneous closure has 
been even more common in children with small 
defects of the ventricular septum [1], but has 
been rare in the patient with a large defect [9, 
13]. Clinical observation of the symptomatic 
neonate with a large VSD who improves during 
the first year of life is not uncommon, and this 
clinical improvement has often been demon- 
strated to be a result of partial closure of the 
defect and associated reduction in left-to-right 
shunting. In view of these observations, 
planned delay in the small infant occasionally 
seems prudent, particularly if the hemody- 
namic burden is not great. 

The threat of irreversible pulmonary vascular 
changes has led many surgeons to advocate pal- 
liative pulmonary artery banding and others 
to recommend primary operative closure of 
the defect in the neonate. Although the exact 
mechanism of irreversible pulmonary vascular 


changes and the age of onset are not clear, sev- 
eral common features are evident in patients 
with VSD and pulmonary vascular changes. 
Pulmonary hypertension and pulmonary vascu- 
lar disease are almost always associated with 
large defects, and those patients with medium 
or small defects seldom have changes in pul- 
monary vascular resistance. 

Age is another important consideration in the 
developr-ent of pulmonary vascular changes. 
Pulmonary vascular resistance generally in- 
creases with age in the patient with a large VSD 
and a large shunt unless pulmonary blood flow 
is reduced by operation or by spontaneous clo- 
sure [11]. However, most patients with large 
left-to-right shunts have large defects with low 
pulmonary vascular resistance during their 
early months and years of life [9]. Patients 
younger than 1 year of age who have large de- 
fects have low pulmonary vascular resistance; 
this comLination is unusual in older patients 
[6]. In contrast, virtually all patients with small 
to moderate defects have normal pulmonary 
vascular resistance that remains: normal even 
with advancing age. 

The risk of bacterial endocarditis in the pa- 
tient with an isolated defect of the ventricular 
septum is exceedingly low. In recent years, 
there has been a declining incidence of bacterial 
endocarditis in patients with an isolated defect 
of the ventricular septum. Epidemiological 
studies by Shah and associates [15] place the 
frequency of bacterial endocarditis for patients 
with VSD at 1 in 1,000 patient-years of follow- 
up. 

In consideration of these variables in the clin- 
ical course of patients with a defect of the ven- 
tricular septum, we have now fairly well stan- 
dardized cur treatment approach to the indi- 
vidual wita a defect of the ventricular septum. 
It seems apparent that patients with isolated 
VSD comprise three groups distinguished by 
clinical and hemodynamic criteria: (1) the 
symptome-ic infant, (2) the older infant with a 
persistent major defect, and (3) the older 
asymptomatic child with a mild to moderate 
shunt. 

First, the symptomatic infant comprises the 
groups of patients requiring the most skill and 
judgment for correct and timely therapy. Inten- 


355 Fisher et al: Closure of Isolated VSDs 


sive medical treatment is tried for the infant 
who experiences symptoms of congestive heart 
failure during the first 24 months of life; if the 
infant improves with medical treatment, opera- 
tion is delayed. In many of these infants who 
respond tc treatment, the defect may close or 
become smaller spontaneously in the coming 
months. Itf the congestive failure persists or 
worsens, primary operative closure of the de- 
fect is performed at this early age. Although 
delayed operation seems desirable in the early 
months of life and is often possible, we do not 
advocate delay in primary closure of the defect 
in the infant with persistent refractory conges- 
tive failure. Repeat catheterization is manda- 
tory by 12 months of age in the infant with 
pulmonary hypertension who does not have 
operative closure, and closure is indicated if 
pulmonary hypertension persists. 

Second, for the older infant with a persistent 
modest but important shunt and normal pul- 
monary artery pressure, we tend toward watch- 
ful conservatism. These infants with a small to 
moderate left-to-right shunt and low pulmo- 
nary arterv pressure run almost no risk of pul- 
monary vascular disease and have little added 
left ventricular work. The VSD in such a patient 
is quite likely to close or become smaller, but if 
closure has not occurred when the child reaches 
the immediate preschool years, we recommend 
elective closure at that time if the pulmonary to 
systemic flow ratio is approximately 2:1 or 
greater. 

Third, for the asymptomatic older patient 
with a mild shunt and a small isolated defect of 
the ventricular septum, we do not recommend 
operation. For these patients, the risk of bacte- 
rial endocarditis is small; there are no physical 
limitations; and the small but real risk of opera- 
tion can be avoided. 

This individualized approach accomplishes 
several objectives in the management of the pa- 
tient with an isolated defect of the ventricular 
septum. I: recognizes the possibility of spon- 
taneous closure so that operative closure is de- 
layed when feasible. This makes it unlikely that 
any defect that would have closed spontane- 
ously is operatively closed. The risk of de- 
velopment of irreversible pulmonary vascular 
changes seems almost completely avoided by 


selective and early operation in the compen- 
sated infant with a large left-to-right shunt. 
This approach also endorses early operative clo- 
sure when dictated by the clinical course of the 
patient. Our results and those of others [2, 3, 13- 
15] demonstrate that the operative closure can 
now be accomplished with an acceptably low 
risk even in the neonate with refractory heart 
failure. These patients show an excellent func- 
tional result in terms of left heart size and per- 
formance [16]. However, it remains clear that 
the operative risk is greatest in the growth- 
retarded infant who has profound congestive 
failure. The planned delay in operative closure 
for the small infant does allow rationally for 
growth and maturity of many infants with a 
moderate to large isolated defect of the ventricu- 
lar septum to minimize the risk of operation. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1979 only, the two parts of the examination 
will be given together. The time and place is 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Determinants of Long-Term 


Survival after Ventricular Aneurysmectomy 


Delos M. Cosgrove, M.D., Floyd D. Loop, M.D., Manuel J. Irarrazaval, M.D., 
Laurence K. Groves, M.D.,Paul C. Taylor, M.D., and Leonard A. Golding, M.D. 


ABSTRACT To determine the effect of aneu- 
rysmectomy solely or combined with direct revas- 
cularization, 349 consecutive surgical patients 
treated between 1962 and 1972 were retrospectively 
reviewed. The minimum follow-up for survivors 
was 5 years (mean, 7 years). 

Single-vessel disease occurred in 171 (49%) and 
only ventricular aneurysmectomy was performed 
(Group 1). Multiple-vessel disease was found in 178 
(51%), of whom 79 (44%) had resection of a ventricu- 
lar aneurysm and revascularization of all major 
obstructed vessels (Group 2); 99 (56%) had aneurysm 
resection and incomplete revascularization (Group 
3). 

Survival at 7 years was 69% for Group 1, 65% for 
Group 2, and 51% for Group 3. Actuarial survival at 
7 years was 70% for patients operated on for angina; 
55% for congestive heart failure; 57% for a combi- 
nation of angina and heart failure; and 64% for ven- 
tricular tachycardia. 

Survival of patients with multiple-vessel disease 
who underwent aneurysmectomy and complete re- 
vascularization was similar to that of patients with 
single-vessel disease who underwent aneurys- 
mectomy alone. Longevity is adversely influenced 
by incomplete revascularization (p < 0.005) and 
preoperative congestive heart failure (p «0.005;. 


Aneurysms of the left ventricle are a frequent 
and dangerous complication of atherosclerotic 
coronary artery disease and myocardial infarc- 
tion, with an incidence ranging between 10 and 
38% [1, 4, 6, 11, 12, 33]. The natural history of 
this complication has been described previ- 
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ously from postmortem studies [9, 10, 29] and 
more recently from clinical series in which the 
5-year mortality approached 90% [5, 24]. Con- 
gestive heart failure, angina, systemic emboli, 
and recurrent ventricular tachyarrhythmias are 
recognized surgical indications. Hemodynamic 
effects of aneurysmectomy [14, 34] and early 
survival are well documented [8, 18-21, 25, 26, 
28, 32]. Those factors influencing operative 
mortality and late postoperative survival have 
been elucidated in several reports, and some 


authors have suggested that combining revas- 


cularization of notably diseased coronary ar- 
teries with aneurysmectomy would improve re- 
sults [8, 18, 21, 25, 26, 28]. Currently, no large 
clinical series has demonstrated increased 
longevity when revascularization was com- 
bined with aneurysmectomy. This report exam- 
ines the effect of simultaneous revasculariza- 
tion and other determinants of survival after 
ventricular aneurysmectomy. 


Clinical Material 

From January, 1962, through April, 1972, 349 
patients underwent left ventricular aneurys- 
mectomy alone or in combination with direct 
coronary revascularization at the Cleveland 
Clinic. There were 321 men and 28 women. Pa- 
tients who had aneurysmectomy combined 
with a Vineberg procedure or valve replace- 
ment were excluded. The men ranged from 33 
to 71 years old (median, 50 years) and the 
women, from 31 to 69 years old (median, 54 
years). Follow-up on all patients except 2 
(99.4%) was achieved by telephone interview 
with the patient or contact with the referring 
physician. Follow-up was a minimum of 5 years 
(mean, 7 years) after operation. 

All patients had cardiac catheterization, in- 
cluding coronary angiography and ventriculog- 
raphy, as part of the preoperative evaluation. 
An aneurysm of the left ventricle was present in 
all patients and was confirmed at operation. 
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Table 1. Surgical Indications in 349 Patients 


No. of Patients 


Single- Multiple- 

Vessel Vessel 
Indication Disease Disease 
Angina pectoris 47 (27%) 71 (40%) 
CHF 51 (30%) 30 (17%) 
Angina and CHF 44 (26%) 57 (32%) 
Ventricular 20 (11%) 7 (4%) 

tachyarrhythmias 

Systemic embolus 8 (5%) 9 (5%) 
Asymptomatic 1 (1%) 4 (2%) 


CHF = congestive heart failure. 


Aneurysm was defined as a thinned-out trans- 
mural scar without trabecular pattern and 
clearly delineated from the surrounding mus- 
cle. Localized scar resections, infarctectomy, 
and resection of akinetic diffuse myocardial fi- 
brosis were excluded. Two of 349 aneurysms 
were located posteriorly, and all anteroseptal 
aneurysms were associated with lesions of the 
left anterior descending artery. One hundred 
seventy-one patients (49%) had single-vessel 
disease and 178 (51%) had multiple-vessel dis- 
ease documented by angiography. Of those 
with multiple-vessel disease, 116 (65%) had 
two vessels involved and 62 (35%) had triple- 
vessel disease. 

Indications for operation were based on pre- 


operative symptoms and pathological anatomy. 


as defined by angiography. The indications and 
their frequencies were as follows: angina pec- 
toris, 118 patients (34%); congestive heart fail- 
ure, 81 (23%); a combination of angina and 
congestive heart failure, 101 (29%); ventricular 
tachyarrhythmias, 27 (8%); and systemic em- 
bolus, 17 (5%). Five patients were asymptom- 
atic preoperatively. In patients with single- 
vessel disease, congestive heart failure was the 
most common symptom when they were first 
seen (51 patients, or 30%); angina was the most 
common surgical indication in patients with 
multiple-vessel disease (71 patients, or 40%) 
(Table 1). 

Reconstruction of the left ventricle was the 
sole operative procedure in 171 patients with 
single-vessel disease. In patients with mul- 
tiple-vessel disease, aneurysmectomy was 


combined with complete direct revasculariza- 
tion in 79 patients; 99 patients had incomplete 
revascularization. Complete revascularization 
was achieved when grafts were placed distal to 
all lesions with stenosis of more than 70% in 
major coronary arteries [30] not involved in the 
aneurysm. 


Results 

Hospital Mortality 

During the 10-year period there were 31 (8.9%) 
hospital deaths. The mortality progressively 


declined from 25% in 1962 to 7.4% in 1971. A ` 


marked decline in operative mortality coin- 
cided with the introduction of direct coronary 
revascularization in 1967 (Fig 1). 

Operative mortality varied considerably de- 
pending on the extent of coronary artery dis- 
ease, surgical indications, and operative proce- 
dure. Hospital mortality in patients having 
single-vessel disease and a ventricular aneu- 
rysm was 7%, whereas in those with a ventricu- 
Jar aneurysm and multiple-vessel disease it was 
11% (not statistically significant). When angina 
pectoris was the sole indication, mortality was 
5% (6 out of 118 patients). Congestive heart 
failure alone or in combination with angina 
markedly increased the operative mortality to 
14% (11 out of 81 patients) and 11% (11 out of 
101), respectively (p < 0.05). The mortality for 
patients with preoperative ventricular tachyar- 
rhythmias was 4% (1 out of 27 patients) and 
for patients with systemic embolus, 12% (2 out 


Fig 1. Operative mortality among 349 patients decreased 
throughout the study, with the most marked decrease , 
coinciding with the advent of direction revascularization 
in 1967. 
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Fig 2. Actuarial survival according to extent of coronary 
artery disease. There was a statistically significant dif- 
ference in 7-year survival between aneurysm patients 
with single-vessel disease (SVD) and those with 
multiple-vessel disease (MVD) (p < 0.001). 


of 17). Among the 5 asymptomatic vatients 
there were no hospital deaths. 

Operative mortality for ventricular aneu- 
rysmectomy in patients with single-vessel dis- 
ease was 7%. It increased to 8.9% when that 
procedure was combined with complete revas- 
cularization in patients with multiple-vessel 
disease and was still higher, 12%, when revas- 
cularization was incomplete (not statistically 
significant). 


Late Survival 

Survival ai 7 years was examined by the actua- 
ria method with respect to the extent of the 
coronary artery disease, surgical indication, 
and surgical procedure. 

Of patients with single-vessel disease treated 
with aneurysmectomy alone 6996 survived. 
Those patients who had multiple-vessel disease 
did not do as well; only 5796 survived 
(p « 0.001). The difference between double- 
and triple-vessel disease in this study was 
demonstrable (5796 versus 5396), but was not 
statistically significant (Fig 2). 

The 7-year survival was 7096 for patients with 
angina pectoris, 5596 for those with congestive 
heart failure, and 5796 for those with a combi- 
nation of the two (Fig 3). The difference in sur- 
vival between patients with angina pectoris 
and those with congestive heart failure is ap- 
parent and significant (p « 0.05). The 7-year 
survival for patients with ventricular tachyar- 
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Fig 3. Actuarial survival by indicator. Survival at 7 
years for patients who had angina pectoris (AP) was 
70%, ventricular tachyarrhythmias (VT), 6496; conges- 
tive heart failure (CHF), 5596; and a combination of 
angina and congestive heart failure (AP + CHF), 57%. 






80 NT 

-J TET 

s ntm "INSEL 

& Em Dias 

- 70 lc “VA (NsITI) 

AL. 

E (Ns 79) 
60 
50 I (N-99) 


YEARS 


Fig 4. Actuarial survival by procedure. The 7-year sur- 
vival was 69% for patients with single-vessel disease 
(VA); 65% for patients with multiple-vessel disease 
with complete revascularization (C); and 50% for those 
with multiple-vessel disease and incomplete revasculari- 
zation (I) (p « 0.005). 


rhythmias was 6496. Fifty-two percent of post- 
operative patients had no recurrent ventricular 
arrhythmias. One patient had a recurrence of 
systemic emboli postoperatively. 

Survival at 7 years was 6996 for patients with 
ventricular aneurysm alone, 6596 for those with 
multiple-vessel disease in whom complete re- 
vascularization was accomplished with aneu- 
rysmectomy, and 5196 for those who had aneu- 
rysmectomy and incomplete revascularization 
(Fig 4). The difference between complete and 
incomplete revascularization was statistically 
significant (p « 0.005), whereas there was no 
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Table 2. Graft Patency 


No. of 

No. of Patent 

Artery Grafts Grafts 
LAD 7 6 
Diagonal branch 5 4 
Circumflex 24 21 
RCA 33 29 

Total 69 60 (87%) 


LAD = left anterior descending artery; RCA = right 
coronary artery. 


statistically significant difference between the 
group with single-vessel disease and the group 
with multiple-vessel disease having complete 
revascularization. 

Forty-nine patients underwent cardiac cathe- 
terization a mean of 17 months postoperatively. 
Sixty (87%) of the 69 grafts were patent. The 
majority were placed to the circumflex (24) 
and right coronary arteries (33). In this small 
series it was not possible to correlate graft pa- 
tency with surgical results (Table 2). 


Comment 


Operative mortality has improved rapidly since 


the beginning of this series in 1962. A dramatic 
change was noted in 1967 coinciding with the 
advent of direct revascularization procedures. 
Since that time, hospital mortality has con- 
tinued to decrease gradually to a rate for the 
1972 through 1976 period of 3.3% for aneu- 
rysmectomy alone and 3.8% when it is com- 
bined with coronary artery grafting. Many fac- 
tors have contributed to this continued im- 
provement, the outstanding ones being im- 
proved myocardial protection, the intraaortic 
balloon pump, and more experience in selec- 
tion of operative candidates. Patients with large 
dilated ventricles and extensive areas of 
akinesia or hypokinesia are no longer consid- 
ered candidates for resection of an akinetic an- 
terior wall because the operative mortality is 
high and the hemodynamic benefit is not nota- 
ble. Similarly, resection of small ventricular 
scars or areas of akinesia is unlikely to aid the 
patient. 


No 4 October 1978 


In agreement with the reports of Loop [18] 
and Rogers [28] and their associates, 49% of the 
patients with ventricular aneurysm in this se- 
ries hac single-vessel disease. Like Rogers and 
co-workers [28], we found that congestive heart 
failure was the most common surgical indica- 
tion in the single-vessel disease group (30%). In 
patients with multiple-vessel disease and an 
aneurysm, angina (4096) or a combination of 
angina and congestive heart failure (32%) were 
the most common surgical indications. The 
high incidence of angina in multiple-vessel dis- 
ease sugzests the presence of ischemic myocar- 
dium ou:side the area of the aneurysm. It is in 
this group that longevity can be extended with 
complete revascularization. 

When the operative mortality was examined 
with respect to the extent of disease, operative 
procedure, and surgical indication, only con- 
gestive neart failure without angina (14%) 
could be singled out as a statistically significant 
determinant of hospital mortality (p « 0.05). 
This is in agreement with other large series [2, 
8] and w-th the general experience in coronary 
artery operation demonstrating ventricular per- 
formance to be a primary determinant of opera- 
tive surv:val [7, 15, 17, 22, 23, 31]. 

Congestive heart failure is also an important 
factor in predicting late survival in surgically 
and med:cally treated patients [5]. Patients with 
angina had a 7-year survival of 70% compared 
with 55% for patients with congestive heart 
failure (z « 0.05). Despite the reduced survi- 
val in patients with congestive heart failure, the 
surgical results are better than the natural his- 
tory [9, 12, 29]. 

The incidence of ventricular tachyarrhyth- 
mias associated with ventricular aneurysm 
is reported to be between 3 and 2496 [3, 
27]. This combination occurred in 896 in this 
series and was associated with a low (3.7%) 
hospital mortality. Sixty-four percent of the pa- 
tients survived 7 years; 52% had no recognized 
recurrence of life-threatening arrhythmias. It 
is expected that the ability to alleviate these ar- 
rhythmias and increase longevity will improve 
as complete revascularization of ischemic 
myocardiam is achieved in most patients. 
Intraoperative epicardial electrocardiographic 
mapping [13] may also help by localizing the 


» 
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irritable focus more exactly when it is located in 
an area adjacent to the aneurysm. 

Extent of coronary artery disease was a highly 
significant predictor of survival; 6995 of 
single-vessel disease patients were alive com- 
pared with 5796 with multiple-vessel disease. 
This corresponds with earlier studies [2, 16] 
and, in contrast to more recent series [8. 28], 
probably results from inclusion of patients op- 
erated on before the advent of coronary bypass 
grafting and our earliest revascularization ex- 
perience. It was expected that the influence of 
multiple-vessel disease would decrease or dis- 
appear as most patients undergo complete re- 
vascularization. This was confirmed by recent 
results obtained from patients operated on in 
1972 and 1973. The 3-year survival for these 134 
patients with aneurysmectomy and grafting 
was 87%. This rate exceeds previous results for 
patients in this category and parallels the ex- 
perience of patients with single-vessel disease 
and aneurysmectomy alone, thereby demon- 
strating the necessity for complete revasculari- 
zation. 

That direct coronary artery revascularization 
would improve longevity of patients who 
underwent ventricular aneurysmectomy has 
been speculated in many reports [8, 18-21, 25, 
26, 28, 32] but has not been demonstrated in a 
large clinical series prior to the present one. The 
speculation is confirmed in our series. In pa- 
tients with multiple-vessel disease who under- 
went aneurysmectomy, survival was better 
at 7 years (6596) for those with complete re- 
vascularization than for those with incom- 
plete revascularization (5196) (p < 0.005). Fur- 
ther, the 7-year survival was 6996 for patients 
who had single-vessel disease and underwent 
ventricular aneurysmectomy and 6596 for those 
who had multiple-vessel disease with complete 
revascularization. This difference is not statisti- 
cally significant. Clearly, direct revasculariza- 
tion improves longevity of patients with 
multiple-vessel disease and ventricular aneu- 
rysm. 

We conclude that complete revascularization 
of diseased coronary arteries improves longev- 
ity and has had a positive influence on the 
prognosis of patients with ventricular aneu- 
rysms. 
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Editor's Note 

The two groups being compared were very likely op- 
erated on in different eras with incomplete revas- 
cularization occurring in the 60s. Thus, there are an 
historical cohort and relevant differences between 
the groups, such as operative indications and myo- 
cardial protection. 


Discussion 

DR. JOHN E. HUTCHINSON, III (New York, NY): At St. 
Luke's Hospital in New York City we were also in- 
terested in the long-term results of patients who 
underwent left ventricular aneurysmectomy. We 
culled a consecutive series of 100 patients starting in 
1970 when coronary bypass procedures began to be 
commonly performed at our institution. The series 
presented here today by the Cleveland Clinic over- 
laps the precoronary bypass and intracoronary 
bypass periods. A 49% incidence of single-vessel 
disease associated with aneurysmectomy probably 
reflects patient selection in the years before bypass. 
In our series 1796 of patients had single-vessel dis- 
ease, and 83% had multiple major arterial obstruc- 
tions. Angina was a dominant symptom in 8096 of 
patients, and objective evidence of cardiac failure 
was present in 3696. Inordinate fatigue was de- 


scribed in 59%, consequently, we considered it an 


important symptom. 

An interesting and striking difference between the 
two series is the fact that in only 3 of our 100 patients 
was aneurysmectomy alone performed. Our patients 
had an average of 2.2 distal anastomoses performed, 
and frequently these were done to a branch vessel or 
proximally in the artery that supplied the aneurysm. 
I note that the Cleveland Clinic presentation does not 
describe any aneurysm plication procedures. I won- 
der if patents undergoing such a procedure were 
excluded t-om the series or if plication techniques are 
performed there. Our present practice is to open and 
resect ven-ricular aneurysms, and we no longer pli- 
cate aneurysms. 

In our patients having aneurysm resections, opera- 
tive mortality was 796. This is significantly higher 
than our 196 mortality in patients who had bypass 
grafts alone performed. There was no increase in 
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operative mortality with the addition of bypass con- 
duits to accomplish complete revascularization. 

Our long-term follow-up is shorter than that of the 
Cleveland Clinic. Of our patients, 88% were in New 
York Heart Association Functional Classes III and IV. 
Postoperatively, all surviving patients improvec and 
moved one or two classes lower. Actuarial survival 
curves demonstrated a higher operative mortality in 
these patients than in patients undergoing bypass 
grafts alone. There is, however, a leveling out of the 
survival curve in the aneurysmectomy patients after 
the first 3 years. 

We also conclude and agree with the authors that 
aneurysmectomy when combined with appropriate 
myocardial revascularization results in major symp- 
tomatic improvement and improves probability for 
longevity in these patients. 


DR. WILLIAM SHANNON STONEY, (Nashville, TN): I 
would like to ask Dr. Cosgrove to clarify one point. In 
his presentation, he showed a slide in which the 
mortality declined after the advent of coronary 
bypass. From the data presented, however, it ap- 
pears that the mortality decline actually preceded the 
years when coronary bypass was a ccmmonly 
utilized procedure. 

The other point I would like to make concerns the 
involvement of the aneurysm. One patient died of a 
ventricular arrhythmia following an anteroseptal 
myocardial infarction. The aneurysm involved the 
anterior ventricular wall but there was also extensive 
involvement of the septum, making the aneurysmal 
cavity anteroseptal. 

We have used this anteroseptal involvement in 


the repair of this type of aneurysm. After excising the 
aneurysm, we try to bring the lateral myocardial wall 
down into the septum where it is anchored at the 
junction of viable muscle and scarred septum. Our 
overall results with aneurysmectomy are not quite as 
good as those just presented. The 7-year survival is 
51% as determined by life table analysis. 


DR. COSGROVE: Dr. Hutchinson, the results of this 
study stimulated us to review our most recent ex- 
perience. For the period 1972 through 1976, 400 ven- 
tricular aneurysmectomies were performed at the 
Cleveland Clinic. The operative mortality was 396 for 
those patients having ventricular aneurysmectomy 
alone and 3.496 for those having aneurysmectomy 
and revascularization. The actuarial survival at 3 
years for a group of 134 patients undergoing revas- 
cularization and aneurysmectomy during 1972 to 
1973 was 8896. The yearly attrition in this group is 
the same as that for patients undergoing aneu- 
rysmectomy and aneurysmectomy combined with 
complete revascularization and is markedly different 
from that for those patients who did not have com- 
plete revascularization at the time of operation. This 
further substantiates our belief that all notably 
occluded vessels should be bypassed if they are not 
involved in the aneurysm. 

Plications have not been practiced at the Cleveland 
Clinic and were, therefore, not included in this 
series. 

Dr. Stoney, I hope I didn't give you a false impres- 
sion of what we were trying to demonstrate. We were 
interested in showing that longevity after ventricular 
aneurysmectomy was, indeed, improved if complete 
revascularization was also done. 


Monilial Esophagitis: An Increasingly 
Frequent Cause of Esophageal Stenosis? 
Mark B. Orringer, M.D., and Herbert Sloan, M.D. 


ABSTRACT Acute monilial esophagitis generally 
responds well to oral nystatin therapy, and long- 
term sequelae of this condition have not been well 
recognized. Nor is it generally appreciated that Can- 
dida infections of the esophagus may occur in sub- 
acute or chronic form. Four men, 34, 40, 41, and 49 
years old, have been treated for esophageal stenoses 
resulting from different types of chronic monilial 
esophageal involvement. All were seen with pain- 
less dysphagia and strictures of the upper half of the 
thoracic esophagus. In 2 patients, an associated 
roentgenographic pattern of “intramural esophageal 
pseudodiverticulosis" was present. Two patients 
have been treated successfully with esophageal dila- 
tion, 1 required substernal colonic bypass of the 
Stenotic, perforated esophagus, and 1 is being evalu- 
ated for esophageal bypass. Esophageal moniliasis 
must be considered in the differential diagnosis of 
benign esophageal strictures, particularly those in- 
volving the upper half of the thoracic esophagus. 


Candida albicans is a fungus that is normally a 
commensal inhabitant of the human mouth, 
oropharynx, and lower gastrointestinal tract 
[17]. When this fungus becomes a pathogen, 
the resulting infection often involves the 
esophagus. The most common and familiar 
form of esophageal moniliasis is an acute dis- 
ease manifested by the abrupt onset of symp- 
toms of painful cervical dysphagia and intense 
high retrosternal pain, typically occurring in 
severely debilitated or postoperative patients 
[16, 20]. The diagnosis is established by the 
characteristic clinical manifestations, roent- 
genographic abnormalities on barium swal- 
low examination, and endoscopic findings [1, 
8, 18, 20]. Recovery from acute monilial 
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esophagitis usually follows the prompt institu- 
tion of entifungal therapy with nystatin or, oc- 
casionaly, amphotericin B [2, 26]. 

Long-term sequelae of acute monilial esoph- 
agitis Fave not been well recognized. Nor 
is it generally appreciated that Candida infec- 
tions of zhe esophagus may occur in subacute or 
chronic form. This report reviews our experi- 
ence with 4 patients who were seen with 
esophageal stenoses representing the patholog- 
ical spectrum of chronic monilial esophageal 
involvement. 


Case Reports 

Patient 1 

A 49-year-old insulin-dependent diabetic white 
man received a one-week course of methyl- 
prednisolone, Keflin (cephalothin sodium), and 
gentamicin for peritonitis and aspiration 
pneumonia, which complicated an abdominal 
exploration for lysis of adhesions. On the sixth 
postoperative day he complained of painful 
swallowing. Oropharyngeal moniliasis was 
diagnosed, and nystatin, 800,000 units orally 
every six hours, was begun. Despite this, cervi- 
cal and high retrosternal dysphagia developed. 
A barium swallow revealed tracheobronchial 
aspiration on swallowing and diffuse narrow- 
ing of the entire esophagus with mucosal ir- 
regularitizs and spasm compatible with acute 
monilial esophagitis. At esophagoscopy, severe 
esophagitis was present 20 to 30 cm from the 
incisors. Ability to swallow liquids gradually 
improved with nystatin therapy, which was 
continuec at a dosage of 400,000 units orally 
every six hours for 2 months after discharge 
from the aospital. 

One year later, the patient was evaluated for 
increasingly severe high retrosternal painless 
dysphagia. A barium swallow showed diffuse 
narrowing of the esophagus with a 5 mm wide, 
2 cm long cervicothoracic stricture (Fig 1). At- 
tempted dilation with Hurst-Maloney dilators 
was unsuccessful. With the patient under gen- 
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Fig 1. (Patient 1.) Cervicothoracic esophagus 1 year after 
acute monilial esophagitis. The cervical esophagus is 
normal, but there is a postinflammatory stricture (arrow) 
at the level of the clavicles. 





eral anesthesia, a rigid 8-mm bronchoscope was 
passed through a marked stenosis 18 cm from 
the incisors, and a second, nondilatable stric- 
ture was encountered at 30 cm. The mucosa be- 
tween these two strictures was pale and rigid. 
Within hours of the endoscopic procedure, the 
patient complained of chest pain, and a Gas- 
trografin swallow demonstrated a cervico- 
thoracic esophageal perforation. The left neck 
was explored and a longitudinal tear in the 
esophagus was identified. Through a gastros- 


tomy, retrograde dilation of the esophagus was 
performed with Tucker bougies. The cervical 
esophageal perforation was closed, and the 
prevertebral space was drained. Twelve days lat- 
er, a cervical salivary fistula developed and 
persisted despite maintenance of nutrition with 
gastrostomy feedings and intermittent esoph- 
ageal dilations to relieve distal stenosis that 
might interfere with healing of the fistula. 
Consequently, after 3 months, a substernal 
isoperistaltic left colon interposition was per- 
formed, leaving the stenotic esophagus within 
the posterior mediastinum. At the time of writ- 
ing, 15 months after esophageal bypass, the pa- 
tient had gained 27 kg, was eating a regular 
diet, and was working full-time. He had no sys- 
temic or local signs of Candida infection. 


Patient 2 
A 34-year-old white man was referred for 
evaluation of slowly progressive painless cervi- 
cal dysphagia, which had begun 10 years before 
when he had first had mucocutaneous can- 
didiasis. The infection of the skin, fingernails 
and toenails, and oral cavity had persisted de- 
spite periodic treatment with a variety of top- 
ical agents and oral nystatin. Evaluation of the 
patients immunological competence demon- 
strated a cell-mediated immunodeficiency to 
antigens of Candida albicans. Nevertheless, the 
patient had led an active and normal life in ap- 
parent symbiosis with the Candida infection. 
A barium swallow examination showed a 3 
cm long esophageal stricture beginning at the 
level of the second thoracic vertebra. Within the 
stricture and distal to it were 2 to 3 mm flask- 
shaped outpouchings of “esophageal in- 
tramural pseudodiverticulosis" (Fig 2). At- 
tempted fiberoptic esophagoscopy revealed an 
impassable stricture 3 mm wide, which was 23 
cm from the incisors. Biopsy showed chronic 
esophagitis, and cultures from the esophageal 
washings grew Candida albicans. Under general 
anesthesia, rigid esophagoscopy was per- 
formed. A dense stricture, which initially 
would admit only a 12F Jackson dilator, was 
encountered 23 cm from the incisors. The mu- 
cosa appeared pale and fibrotic. The stricture 
was dilated progressively to a 50F Hurst- 
Maloney bougie. During the ensuing 8 months, 
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Fig 2. (Patient 2.) Roentgenogram and line interpretation 
of irregular upper thoracic esophageal stricture asso- 
ciated with intramural pseudodiverticulosis shown by 
barium swallow. 


the patient gained 9 kg and was able to swallow 
a 50F bougie on two occasions without diffi- 
culty. The dysphagia and esophageal stricture 
had resolved (Fig 3). 


Patient 3 

A 4l-year-old white man was referred for 
evaluation of a weight loss of 4.5 kg and pro- 
gressive painless high retrosternal dysphagia of 
6 months’ duration. He had been in excellent 
health and had no history of ingestion of caustic 
agents or symptoms of gastroesophageal reflux. 
However, he had extremely poor dental 
hygiene with many fractured and carious 
teeth. A barium swallow showed an 8 to 10 cm 





long esophageal stricture beginning at the level 
of the aortic knob and containing multiple 2 to 4 
mm outpouchings throughout its length (Fig 4). 
Esophageal manometry revealed progressive 
peristalsis of a generally normal amplitude 
throughout the esophagus, with occasional 
weak simultaneous contractions after swallow- 
ing. No gastroesophageal reflux was detected 
with the intraesophageal pH electrode. 
Esophagoscopy revealed mucosal nodularity 
and friability 25 cm from the incisors, where a 
firm stricture was encountered. Dilation was 
possible only to a size 26F Jackson dilator. Bi- 
opsy showed chronic esophagitis, and brush- 
ings and washings were negative for tumor on 
cytological examination. Because of concern 
about the possibility of carcinoma, bronchos- 
copy was done, esophagoscopy was repeated, 
and a cervical and upper mediastinal explora- 
tion was performed using a supraclavicular in- 
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Fig 3. (Patient 2.) Upper thoracic esophagus 23 months 
after initial dilation. Stricture and pseudodiverticula 
have resolved. 


cision. Externally, the esophagus felt symmetri- 
cally indurated in the area of stenosis, but there 
was no evidence of neoplasm in adjacent 
paraesophageal lymph nodes from which bi- 
opsy specimens were taken. Cultures from the 
esophagus grew Candida albicans. A gastros- 
tomy was performed, and after total dental ex- 
tractions of the patient’s markedly carious 
teeth, retrograde dilation of the stricture with 
Tucker bougies was achieved over the next sev- 
eral weeks. 

Subsequently, Hurst-Maloney bougies were 


Fig 4. (Patient 3.) Upper thoracic esophageal stricture 
associated with intramural pseudodiverticulosis. 


used to dilate the stricture to a 46F caliber. At 
the time of writing, the patient had undergone 
esophageal dilations at 2-month intervals for 6 
months. He had gained 6.8 kg and had no dys- 
phagia or evidence of candidiasis. The esoph- 
ageal stricture and intramural diverticula had 
resolved on barium swallow examination. 


Patient 4 

A 35-year-old white man was evaluated for a 
skin rash of 7 years’ duration and painless dys- 
phagia for 6 months. Barium swallow examina- 


368 The Annals of Thoracic Surgery Vol 26 No 4 October 1978 





Fig 5. (Patient 4.) Esophagogram made in 1977 during 
treatment of right upper lobe pulmonary tuberculosis. 
There is an upper esophageal monilial stricture (bracket) 
and a lower esophageal stricture proximal to a hiatal 
hernia from foreshortening of the esophagus. 


tion showed narrowing of the entire thoracic 
esophagus, most marked at the upper and mid 
portion, with loss of mucosal folds and 
pseudomembrane formation. Mucocutaneous 
candidiasis was diagnosed on the basis of skin 
and mouth cultures and was treated with oral 
nystatin. Dysphagia persisted. Two years later, 
the fiberoptic esophagoscope could not be ad- 
vanced beyond a stricture 23 cm from the in- 
cisors, but dilation to a 42F caliber Hurst- 


Maloney bougie was achieved. Esophageal cul- 
tures grew Candida albicans, and evaluation of 
the patient’s immunological competence re- 
vealed a primary cellular immunodeficiency. 
Over the ensuing 3 years he was treated vari- 
ously with injections of transfer factor, topical 
and oral nystatin, intravenous amphotericin B, 
5-fluocytosine, and topical miconazole with 
only transient improvement in the skin rash 
and no improvement in the dysphagia. 

In 1977, at the age of 40 years, the patient was 
treated for right upper lobe pulmonary tuber- 
culosis. A barium swallow showed progression 
of the esophageal narrowing, with evidence of 
foreshortening since the previous study (Fig 5). 
At the time of writing, he was receiving outpa- 
tient antituberculosis therapy and required 
Hurst-Maloney esophageal bougienage at one- 
to two-week intervals. Esophageal replacement 
was being considered. 


Comment 

When Candida albicans becomes a pathogen, the 
resulting infection usually has one of three clin- 
ical manifestations [17]. Most commonly it oc- 
curs as an acute, superficial, generally self- 
limited infection of oral and vaginal mucous 
membranes in infants, diabetics, denture wear- 
ers, and pregnant or physiologically normal 
women. The second type of infection is a sys- 
temic involvement of either the bloodstream or 
viscera and occurs in patients with indwelling 
intravenous catheters; in narcotic addicts; in 
patients whose immunological competence is al- 
tered by prolonged disease, immunosuppressive 
agents, or corticosteroid therapy; and in those 
receiving broad-spectrum antibiotics that alter 
normal gastrointestinal flora. Under these cir- 
cumstances, Candida most commonly involves 
the gastrointestinal, respiratory, and renal sys- 
tems. Chronic mucocutaneous candidiasis, the 
least common variety of this infection, usually 
begins in infancy or childhood; involves the 
skin, nails, and mucous membranes; is invari- 
ably associated with a cell-mediated immuno- 
deficiency [19]; and often involves failure of 
various endocrine glands. Rarely, in chronic 
mucocutaneous candidiasis, the esophagus be- 
comes chronically involved by extension of the 
oropharyngeal infection. 
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Since 1956, when the characteristic roent- 
genographic findings of acute esophageal 
moniliasis were described [1], approximately 
100 additional cases have been reported. The 
majority of these esophageal infections have oc- 
curred in patients with altered host resistance 
from neoplasms, particularly lymphoma and 
leukemia, and in those receiving corticosteroid 
therapy or suffering from a variety of debilitat- 
ing diseases [2, 20, 26, 27]. The use of broad- 
spectrum antibiotics has also been implicated 
in esophageal moniliasis [5, 18, 31]. 

Typically, in acute monilial esophagitis with 
associated oropharyngeal involvement, the pa- 
tient complains of painful swallowing that may 
prevent him from distending the thoracic 
esophagus with a bolus of barium, thus giving 
an erroneous roentgenographic impression of 
spasm [20]. Along with the impaired ability to 
initiate a swallow, as the infection involves the 
thoracic esophagus, primary and secondary 
peristaltic waves are decreased in frequency 
and magnitude, and true spasm can occur [8, 
24]. As in Patient 1, the swallowing dysfunction 
in these patients may result in aspiration of 
contrast material into the tracheobronchial tree, 
particularly in children [10]. With progression 
of the disease and before frank mucosal ulcera- 
tion, as inflammation and edema of the submu- 
cosa occur, the so-called cobblestone pattern of 
luminal nodularity is seen roentgenographi- 
cally [8]. With advanced acute monilial 
esophagitis, barium swallow shows ulceration 
of the mucosa and an irregular, shaggy- 
appearing, narrowed esophageal lumen, the re- 
sult of mucosal and submucosal edema and 
pseudomembrane formation [20]. 

At endoscopy, the esophageal mucosa charac- 
teristically appears erythematous and nonulcer- 
ated, with an overlying whitish, cheesy exu- 
date or pseudomembrane. Histologically, this 
pseudomembrane consists of necrotic debris 
and fungi. As the disease progresses, the mu- 
cosa becomes more granular and friable. Post- 
mortem studies have shown that the inflam- 
matory reaction may extend through the wall of 
the esophagus with invasion of the mucosal, 
submucosal, and muscle layers by the fungus 
[1, 11, 15]. If such extensive panmural 
esophagitis can be controlled by antifungal 


therapy and if the patient survives the underly- 
ing disease, healing of the inflamed esoph- 
agus may result in chronic stricture, as illus- 
trated by Patient 1. 

There have been few previously documented 
cases of monilial esophageal strictures. Ham- 
melburg [11] in 1967 suggested that stenosing 
esophagitis could result from esophageal 
moniliasis. He described a patient in whom a 
midesophageal stricture developed after resolu- 
tion of acute monilial esophagitis that occurred 
following prolonged administration of broad- 
spectrum antibiotics for pneumonia. After ny- 
statin therapy the caliber of the esophageal 
lumen increased sufficiently to permit chronic 
bougienage. Hammelburg also noted one other 
series of 3 patients with "stenosing non-peptic 


. esophagitis” associated with stomatitis, which 


he thought most likely represented monilial 
esophageal strictures [23]. Kantrowitz and as- 
sociates [14] reported on a patient with chronic 
esophageal moniliasis associated with an upper 
third stricture which was successfully treated 
with nystatin. Similarly, there has been a recent 
report of chronic recurrent oropharyngeal 
esophageal candidiasis in a 38-year-old patient 
who had an upper third esophageal stricture 
that was resistant to nystatin therapy [29]. 
Miconazole, a new potent antifungal drug, ef- 
fectively eradicated the candidiasis and re- 
lieved the esophageal stenosis. In their discus- 
sion of esophageal moniliasis, Lewicki and 
Moore [20] presented the barium swallow find- 
ings in a patient who had “a permanent stric- 
ture of the distal esophagus" 9 months after se- 
vere diffuse monilial esophagitis was diag- 
nosed. No further clinical information about 
the patient was given. Finally, Sehhat and as- 
sociates [25] performed a right lower lobectomy 
and esophagectomy in a 28-year-old farmer 
with no known immunological deficiency who 
had an upper third monilial esophageal stric- 
ture associated with a fistula to the lower lobe 
of the right lung. 

There are two reasons why strictures asso- 
ciated with monilial esophagitis are rarely en- 
countered. First, many of the patients in whom 
monilial esophagitis occurs are terminally ill 
with advanced neoplastic or other debilitating 
disease and do not survive long enough to have 
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esophageal fibrosis. Second, in the vast major- 
ity of instances, monilial esophagitis is a super- 
ficial disease involving primarily the mucosa. 

While Candida may invade the thoracic 
esophagus acutely either segmentally or dif- 
fusely, it has been reported that with segmental 
invasion there is a predilection for involvement 
of the distal and middle thirds [7, 18]. It is 
therefore somewhat surprising that virtually 
every reported monilial esophageal stricture 
has involved the upper and middle thirds of the 
thoracic esophagus. Further, although esoph- 
ageal moniliasis is thought to result from the 
spread of fungus from the oral cavity into 
the esophagus, none of the reported cases of 
stenosis have involved the cervical esophagus 
between the cricopharyngeus and the thoracic 
inlet. 

Most cases of monilial esophagitis have oc- 
curred in patients with readily apparent causes 
for the altered host resistance. However, there 
is ample documentation of Candida esophageal 
infection in otherwise healthy individuals [4, 5, 
13]. In evaluating an upper or middle third 
esophageal stenosis, then, unless the diagnosis 
of moniliasis is considered, appropriate cul- 
tures and fungal stains may not be obtained at 
endoscopy. Microscopic examination of the tis- 
sue or material obtained for culture often dem- 
onstrates the mycelial forms of the fungus if 
there is an active infection [17]. The differentia- 
tion between a benign and a malignant stricture 
in this location requires adequate esophageal 
biopsy and brushings for cytological evaluation 
and may necessitate a superior mediastinal 
paraesophageal exploration to exclude car- 
cinoma, as was done in Patient 3. 

The roentgenographic appearance of the 
strictures in 2 of our patients was that of a 
smooth, tapering stenosis; in the other 2 there 
was an associated pattern of “intramural 
esophageal pseudodiverticulosis" (see Figs 2, 
4). This latter entity has been the source of some 
controversy in recent medical literature. “In- 
tramural diverticulosis of the esophagus," re- 
ported by Mendl and associates [22] in 1960, is a 
roentgenographic term describing the presence 
of numerous outpouchings in the wall of the 
esophagus extending a few millimeters from 
the margin of the lumen on barium swallow 


examination. There have been approximately 
30 reported instances of this condition [6]. Dys- 
phagia is the common initial symptom, and 
90% of the patients have had associated stric- 
tures, more than two-thirds of these occurring 
in the upper and midesophagus. 

Postmortem examinations have shown the 
origin of this condition to be dilatation of the 
submucosal esophageal glands, the ducts of 
which may become obstructed with inflamma- 
tory material [12, 21, 30]. From postmortem dis- 
sections, Hammon and associates [12] found 
that the submucosal esophageal glands are 
oriented in longitudinal rows parallel to the 
long axis of the esophagus, with their ducts 
oriented obliquely downward toward the 
esophageal lumen. 

These glands occur throughout the length of 
the escphagus but predominate in the upper 
half. Inflammation of the esophageal glands 
from infection, stasis, or distal obstruction can 
produce dilatation and the typical outpouch- 
ings seen on barium swallow examinations. Be- 
cause these outpouchings are intramural rather 
than a protrusion of mucosa through the 
esophageal musculature such as occurs with 
true esophageal diverticula, the suggestion that 
this condition be termed “intramural esoph- 
ageal pseudodiverticulosis" has merit [3, 6]. 
It has been proposed that inflammation of 
the tissue surrounding these dilated glands— 
peridiverticulitis—results in associated stric- 
ture formation [9]. This hypothesis is supported 
by the fact that strictures associated with in- 
tramurzl pseudodiverticulosis most often occur 
in the upper and middle esophagus, where the 
submucosal esophageal glands are most abun- 
dant. 

Candida albicans has been cultured from 
the esophagus in nearly half of the patients 
reported with intramural esophageal pseudo- 
diverticulosis. Some believe that this indi- 
cates a causal relationship [28]. Others em- 
phasize that Candida is present in the mouth of 
many normal patients and may secondarily col- 
onize areas of stasis in the esophagus, so that a 
positive esophageal culture does not prove 
causality [6]. Further, they point out that most 
patients with monilial esophagitis have altered 
immunological competence for the reasons al- 
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ready mentioned and acutely develop painful 
swallowing; if the esophagitis is not treated, it 
is often progressive and may be the source of a 
disseminated, fatal infection. On the other 
hand, patients with intramural pseudodiver- 
ticulosis generally have no predisposing sys- 
temic disease, have mild chronic dysphagia, re- 
spond well to esophageal dilation, and have a 
generally benign course. Thus, it is argued that 
esophageal moniliasis and intramural pseudo- 
diverticulosis are completely unrelated entities. 

We believe, however, that infection of the 
esophageal submucosal glands by Candida must 
be recognized as a cause of inflammation that 
can result in intramural pseudodiverticulosis. 
Since dilatation of esophageal submucosal 
glands occurs under a number of circum- 
stances, the roentgenographic appearance of in- 
tramural pseudodiverticulosis should not be 
regarded as pathognomonic of a monilial infec- 
tion. However, the occurrence of Candida in 
nearly half of these patients is more than merely 
coincidental and, when present, we believe, 
should suggest the cause of the esophageal dis- 
order in that particular individual. Patient 3 
had no detectable systemic or primary 
esophageal disease. We thought that the ad- 
vanced dental caries with oral sepsis was the 
source of the Candida grown from his 
esophagus, but it is equally plausible that an 
overgrowth of pathogenic oral bacteria might 
have produced the secondary infection of the 
esophageal glands. However, in Patient 2, who 
had documented chronic mucocutaneous can- 
didiasis, we cannot ignore the simultaneous oc- 
currence of the fungal infection and intramural 
pseudodiverticulosis. We believe that this is 
the only reported case of esophageal intramural 
pseudodiverticulosis associated with chronic 
mucocutaneous candidiasis, and that this as- 
sociation strengthens the argument for a rela- 
tionship between the fungal infection and 
this esophageal roentgenographic abnormality. 
Kodsi and associates [18] have recently found 
that serum Candida agglutination (not precipi- 
tin) titers exceeded 1:160 in all 27 of their pa- 
tients with monilial esophagitis but in only 4 to 
17% of controls. Their study may provide a 
means of differentiating the patient with an ac- 
tive Candida infection from one in whom Can- 


dida is simply a secondary contaminant of the 
esophagus. 

It seems that just as there is a clinical spec- 
trum of candidiasis, there is also a variety of 
manifestations of esophageal involvement by 
the fungus. Acute monilial esophagitis is the 
form most commonly encountered in debili- 
tated, postoperative, or immunosuppressed pa- 
tients. This infection can progress, if un- 
checked, to panmural esophagitis, sepsis, and 
death. Prompt recognition and treatment with 
oral nystatin (Mycostatin), 400,000 to 600,000 
units of the suspension four times daily, will 
generally arrest the infection, but postinflam- 
matory mural fibrosis, usually involving the 
upper half of the thoracic esophagus, can sub- 
sequently occur. Thus, patients recovering from 
severe acute monilial esophagitis should have 
several follow-up barium swallow exam- 
inations during the first year to assure the ear- 
liest possible recognition of a developing 
stenosis and institution of bougienage therapy. 

An even less common form of esophageal: 
moniliasis, generally occurring in healthy pa- 
tients, is the subacute infection. It begins as an 
indolent, asymptomatic disease in the sub- 
mucosal esophageal glands and produces a 
roentgenographic pattern of intramural pseu- 
dodiverticulosis on barium swallow exam- 
ination. Associated esophageal strictures are 
the rule, and these generally involve the upper 
half of the esophagus. These strictures tend to 
be more pliant and respond well to bougienage. 
Antifungal therapy is not necessary. The fact 
that strictures associated with esophageal in- 
tramural pseudodiverticulosis and those that 
follow the healing of severe acute monilial 
esophagitis both involve the upper half of the 
thoracic esophagus where the submucosal 
glands are most abundant may indicate a com- 
mon denominator in the development of these 
conditions—invasion, obstruction, and in- 
flammation of the esophageal submucosal 
glands by the fungus Candida albicans. 

Finally, a chronic esophageal infection with 
stricture formation may occur with muco- 
cutaneous candidiasis. Patients with this form 
of the infection have varying types of immu- 
nological dysfunction [9]. The histological 
appearance of chronic cutaneous candidiasis 
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has been well described and provides insight 
into the gross changes seen in chronic 
esophageal moniliasis [17]. Hyperkeratosis and 
parakeratosis of the epidermis are seen micro- 
scopically, but much more striking is the in- 
tense infiltration of the dermis by lymphocytes 
and plasma cells. Occasionally, multinucleated 
giant cells are seen. Despite the depth and de- 
gree of the dermal inflammatory reaction, fun- 
gal stains show that the organisms are found 
almost exclusively in the superficial keratinized 
layers of the skin. Invasion of the underlying 
dermis or hair shafts is rare. If this analogy is 
applied to the esophagus in patients with 
chronic mucocutaneous candidiasis, one can 
appreciate that extensive mural inflammation 
can occur in response to the mucosal infection. 
The resultant narrowing of the esophageal 
lumen in such a chronic infection may thus rep- 
resent a reversible process and not a post- 
inflammatory fibrotic stricture. It is necessary 
to be certain that the esophageal stenosis on 
barium swallow examination and endoscopy in 
these patients is not merely the result of edema, 
inflammation, or spasm from a chronic infec- 
tion that might respond to nystatin therapy 
without the need for bougienage. As suggested 
by Kantrowitz and associates [14], prolonged 
contact of the drug with the affected esophageal 
mucosa may be desirable in treating chronic 
monilial infection that fails to respond to con- 
ventional therapy with nystatin in the aqueous 
suspension administered infrequently (two to 
four times daily). They achieved resolution of 
such a chronic infection by hourly administra- 
tion of only 100,000 units of a more viscous 
nystatin-methylcellulose mixture. Once the 
presence of a high-grade fibrotic stricture fol- 
lowing a monilial infection is established, how- 
ever, antifungal agents are of little or no bene- 
fit. Chronic esophageal dilatation is generally 
possible, although the rare monilial esophageal 
stricture may necessitate esophageal replace- 
ment or bypass. 

An increasing incidence of candidiasis can be 
predicted from the common use of im- 
munosuppressants in organ transplantation, 
chemotherapeutics in oncology, and potent 
broad-spectrum antibiotics. Physicians must 
become familiar with the variety of ways in 


which Candida may involve the esophagus. It is 
clear that acute monilial esophagitis may pro- 
duce 2 postinflammatory stenosis and that 
esophageal strictures can also result from sub- 
acute and chronic monilial infections. Thus, 
esophageal moniliasis must be considered in 
the differential diagnosis of benign esophageal 
strictures, particularly those involving the 
upper half of the thoracic esophagus. 
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Discussion 

DR. TOM R. DE MEESTER (Chicago, IL): I believe this 
report has merit for two reasons: first, with the grow- 
ing interest in oncology and chemotherapy, the re- 
ported incidence of monilial infection of the 


esophagus is increasing, and second, as Dr. Orringer 
pointed out, if this condition goes unrecognized or is 
inappropriately treated, stricture of the esophagus 
can result. 

We have found that it is more difficult to recognize 
the early forms of the disease than we had expected. 
Endoscopy does demonstrate a large pseudomem- 
brane easily, but such a florid monilial infection is 
not found often. The membrane usually stops right at 
the squamous columnar junction and rarely extends 
into the stomach, which has an acid environment, 
thereby suggesting that Candida does not do well in 
an acid environment. This may be a clue to underly- 
ing gastroesophageal reflux if the monilial infection 
does not involve the distal esophagus; that is, if the 
patient has underlying gastroesophageal reflux, the 
refluxed acid destroys the Candida in the lower por- 
tion of the esophagus. 

The more typical endoscopic appearance of mo- 
nilial infection is isolated white plaques firmly at- 
tached to the mucosa. A direct smear made from a 
brushing of the lesion shows the mycelial form of the 
fungus, and the diagnosis can be made. 

In patients with tumors, the infection is more often 
manifested by several small white plaques in an area 
of erythema. Brushing of these plaques often does 
not show the Candida organism. Such esophageal 
mucosal changes could be from excessive vomiting 
secondary to chemotherapy, systemic drug reaction, 
radiation esophagitis, or gastroesophageal reflux. It 
is difficult at times to determine the exact cause of 
esophagitis in this kind of patient. 

Dr. Skinner and I saw 2 patients who we believe 
had stricture secondary to Candida. Both patients had 
a filamentous stricture that responded very well to 
dilation. In 1 patient, there was some question 
whether the stricture was caused by Monilia because 
she did not have any of the predisposing factors. It 
was resolved by 24-hour pH monitoring, which indi- 
cated that the patient did not have reflux, and she 
was assumed to have a stricture secondary to Monilía 
infection. 

I have two questions for Dr. Orringer. First, does 
he experience the same difficulty we have in recog- 
nizing the early forms of the disease? Second, since 
most surgeons do not see this problem until an 
esophageal stricture has formed and since most of 
these patients have had previous radiation therapy, 
what are the clues, other than the presence of predis- 
posing factors for Monilia growth, that the stricture is 
caused by Monilia and not radiation, acid reflux, or 
recurrent malignancy? 


DR. ROBERT D. HENDERSON (Toronto, Ont, Canada): 
This is a very important area since these strictures are 
occurring more frequently. I have seen 2 patients 
with total esophageal occlusion secondary to Monilia, 
both cases confirmed eventually at operation by 
esophageal resection. The disorder was interesting 











because the esophageal muscular wall was well pre- 
served while the esophageal lumen had been obliter- 
ated in the lower two-thirds. This is due to the ul- 
cerative process being superficial, completely ob- 
literating the lumen, yet preserving the musculature. 

Manometry can confirm preservation of esoph- 
ageal muscle. We used this method in 2 patients 
with active monilial esophagitis, and it indicated 
that motor activity in the esophagus was well pre- 
served. This suggested that the ulceration was 
superficial and the muscle function was good. 

Finally, 1 would like to add a word of warning. 
From past experience, dilation of these strictures is 
dangerous. They perforate much more readily than 
the strictures of peptic esophagitis. With peptic 
esophagitis the wall progressively thickens with 
edema and scar, but with Monilia it is a more acute 
process; the wall thickening is not as well developed 
and the potential to rupture is greater. 


DR. ORRINGER: Í thank the discussants for their com- 
ments. I certainly agree with Dr. DeMeester that the 
diagnosis of early Candida esophageal involvement is 
extremely difficult. For this reason I think we must 
emphasize to our medical and general surgical col- 
leagues who are seeing patients in a debilitated state 
following major operation or other serious illness, 
that at the earliest indication of oropharyngeal can- 
didiasis, a very aggressive diagnostic and thera- 
peutic regimen must be instituted to prevent the 
subsequent development of advanced esophagitis. 
It seems apparent that monilial strictures can oc- 
cur, as in Dr. DeMeester's patient, without a previ- 
ous history of typical acute monilial esophagitis. 
With such postinflammatory stenoses and no posi- 
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tive culture for Candida, the diagnosis of monilial 
stricture may become one of exclusion. The majority - 
of these strictures have occurred in the upper and - 
middle third of the esophagus, and carcinoma must 
be considered in the differential diagnosis and ex- 
cluded with biopsy. In fact, in 1 of our patients we 
performed a paraesophageal superior mediastinal 
exploration through a cervical approach to exclude 
carcinoma before instituting bougienage therapy. It 
is a very difficult diagnosis to make, particularly once 
the chronic fibrotic stage has developed. 

Recently, an early test for acute monilial 
esophagitis has been proposed. The Candida serum 
precipitin test has been found to be positive in al- 
most every patient in a series of 32 persons with ac- 
tive infection of the esophagus. This test may help 
distinguish the patient with active esophageal infec- 
tion from one in whom Candida is merely a secondary 
contaminant. 

Finally, I think Dr. Henderson’s comments regard- 
ing the superficial nature of many of these infections 
are absolutely correct. However, there have been 6 or 
7 previously reported strictures from Candida. Fur- 
ther, there is a recent report of a monilial stricture 
developing in the upper esophagus with full- 
thickness penetration of the esophageal wall by the 
infection and development of a right lower lobe lung 
abscess from a fistula to the lung. Clearly, then, these 
infecticns can be severe and panmural. 

I think we will be seeing more of these Candida 
esophageal infections because the infection is no 
longer restricted to patients with tumor who do not 
have a long life expectancy and who may not live 
long enough for a fibrotic postinflammatory stenosis 
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Well tolerated 


As with other aminoglycosides, 
adverse auditory and renal reac- 
tions may occur at higher doses, 
reversible in some instances. But, 
in a study comparing the oto- and 
nephrotoxicity of amikacin and 
gentamicin among 53 monitored 
patients, Amikin demonstrated a 
significantly reduced side effects 
risk. (Other published studies 
have shown little or no differences 
in toxicity). 
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Special Note: In Amikin clinical trials, hearing 
loss was rarely clinical and usually an audiogram 
was needed to identify such a loss. Adverse 
renal reactions due to Amikin usually consisted 
of elevations of serum creatinine and/or BUN, 
which were usually reversible. 










Adapted from Lerner SA, Seligsohn R, 
Rudd R and Matz GJ. Comparative clinical 





AMIKIN GENTAMICIN studies of ototoxicity and nephrotoxicity 
TREATED TREATED of amikacin and gentamicin. Proceedings 
PATIENTS PATIENTS 10th International Congress of Chemo- 

(27) (26) therapy, Zurich, Switzerland Sept. 1977. 


dv 
SULFATE 


ortant hospital antibiotic. 


aformation following. 


AMIKI 





M 





AMIKACIN SU LFATE 
Probably today's most important hospital antibiotic. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN® (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: 

Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestib- 
ular, can occur in patients treated at 
higher doses or for periods longer than 
those recommended. The risk of amikacin- 
induced ototoxicity is greater in patients 
with renal damage. High frequency deaf- 
ness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in 
infants is not known. Until more safety 
reports become available, amikacin 
should be used in infants only in those 
specific circumstances when suscepti- 
bility testing indicates that other amino- 
glycosides cannot be used or are 
otherwise contraindicated, and when the 
infant can be observed closely for 
evidence of toxicity. 

Aminoglycosides are potentially nephro- 
toxic. Renal and eighth-nerve function 
should be closely monitored in patients 
with known or suspected renal impairment 
and also in those whose renal function is 
initially normal but who develop signs of 
renal dysfunction during therapy. 
Evidence of impairment in renal, vestib- 
ular or auditory function requires discon- 
tinuation of the drug or dosage adjustment. 

Serum concentrations should be 
monitored when feasible, and prolonged 
concentrations above 35 mcg./ml. should 
be avoided. Urine should be examined 
for increased excretion of protein, cells 
and casts. 

Concurrent and/or sequential use of 
topically or systemically neurotoxic or 
nephrotoxic antibiotics should be avoided. 

Amikin should not be given concur- 
rently with potent diuretics. 

Usage in Pregnancy: Amikin should be 
used in pregnant women only when 
clearly needed. 


Indications: 
Serious infections due to susceptible strains 
of Gram-negative bacteria including pseu- 
domonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 
acinetobacter sp. Culture and sensitivity 
studies should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia 





(including neonatal sepsis); in serious infec- 
tions of the respiratory tract, bones and joints, 
central nervous system (including meningitis) 
and skin and soft-tissue; intra-abcominal 
infections (including peritonitis); and in 

burns and post-operative infections (includ- 
ing post-vascular surgery). Clinica! studies 
have shown Amikin (amikacin sulfate) also to 
be effective in serious compltcated and re- 
Current urinary tract infections due to these 
organisms. Aminogiycosides, including 
Amikin injectable, are not indicated in un- 
complicated initial episodes of urinary tract 
infections unless the causative organisms 
are not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed 
to identify causative organisms a^d their 
susceptibilities to amikacin. Amikin may be 
considered as initial therapy in suspected 
Gram-negative infections and therapy may 
be instituted before obtaining the results of 
susceptibility testing. Clinical trials demon- 
strated that Amikin was effective in infections 
caused by gentamicin and/or tobramycin 
resistant strains of Gram-negative organisms, 
particularly Proteus rettgeri, Providencia 
stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision td continue 
therapy with the drug should be based on 
results of the susceptibility tests, ‘he severity 
of the infection, the response of :he patient 
and the important additional considerations 
contained in the "Warning box above. 

Amikin has also been shown tc oe effective 
in staphylococcal infections and may be 
considered as initial therapy under certain 
conditions in the treatment of known or 
suspected staphylococcal disease such as, 
severe infections where the causative organ- 
ism may be either a Gram-negative bacterium 
or a staphylococcus, infections due to 
susceptible strains of staphylococci in 
patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negetive 
infections. 

Amikacin may be indicated in the treatment 
of neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot 
be used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated be- 
cause of the possibility of infections due to 
Gram-positive organisms such as strepto- 
cocci or pneumococci. 


Contraindications: 
A history of hypersensitivity to amikacin. 


Warnings: 
See “Warning” box above. 


Precautions: , 
Amikin is potentially nephrotoxic. ototoxic, 
and neurotoxic. The concurrent 2r serial use 


of other ototoxic or nephrotoxic agents should 
be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, 
neomycin, streptomycin, cephaloridine, 
paromomycin, viomycin, polymycin B, colistin 
and vancomycin as well as certain diuretic 
agents such as ethacrynic acid or furosemide. 


Adverse Reactions: 
Ototoxicity—See “Warning” box. 
Nephrotoxicity—Albuminuria, presence of 
red and white cells, casts, azotemia and 
oliguria have been reported. 
Other—Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual I.M. or I.V. dose with normal renal 
function is 15 mg./Kg./day divided into 2 or 
3 equal doses administered at equally- 
divided intervals. For the heavier individual 
(greater than 100 Kg.), the total daily dose 
should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns 
(see box Warning’), it is recommended that 
a loading dose of 10 mg./Kg. be admin- 
istered initially to be followed with 7.5 mg./ 
Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 
days. The total daily dose by all routes of 
administration should not exceed 15 mg / 
Kg./day for the average-weight person. In the 
unusual circumstances where treatment be- 
yond 10 days is considered, the use of Amikin 
should be reevaluated and, if continued, 
renal and auditory functions should be 
monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concen- 
trations should be monitored by appropriate 
assay procedures. Doses may be adjusted in 
patients with impaired renal function either 
by administering normal doses at prolonged 
intervals or by administering reduced doses 
at a fixed interval. 

The solution for intravenous use is pre- 
pared by adding the contents of a 500 mg. 
vial to 200 ml. of sterile diluent such as 
Normal Saline or 5% Dextrose in Water or 
any other compatible solution. 

The solution is administered over a 30- to 
60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use 
sterile aqueous solution: 100-mg., 500-mg.. 
and 1.0-Gm. vials. 
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Surgical Management of Malignant Mesothelioma 


Giacomo A. DeLaria, M.D., Robert Jensik, M.D., L. Penfield Faber, M.D., 


and C. Frederick Kittle, M.D. 


ABSTRACT The surgical management of 18 pa- 
tients diagnosed as having malignant mesothelioma 
is reviewed. Of these patients, 7 received limited 
treatment—pleurectomy or biopsy. The mean survi- 
val was 10 months, and no patient was disease-free 
at time of death. The other 11 patients were treated 
by radical extrapleural pneumonectomy. There were 
2 long-term, disease-free survivors at 2 and 4 years. 
Mean survival for the entire group was 15 months, 
but most patients received good palliation following 
tumor removal. | 

Surgical procedures for removal of malignant 
mesothelioma can be accomplished safely and with- 
out major morbidity. When possible, radical extra- 
pleural pneumonectomy affords the best palliation 
and the only opportunity for cure. 


The indications for operative therapy in pa- 
tients diagnosed as having pleural meso- 
thelioma are uncertain. Most reports are pes- 
simistic and recommend thoracotomy only 
for isolated lesions or patients for whom a 
diagnosis cannot be made by less invasive 
means. Nevertheless, there are occasional in- 
stances of long-term survivors following ag- 
gressive extirpative operation [4]. The present 
retrospective review was undertaken in an ef- 
fort to define a systematic approach to the man- 
agement of this problem. This series includes 
all patients with the diagnosis of pleural 
mesothelioma operated on by one thoracic sur- 
gical service over 19 years. Each patient's chart 
was examined and selected slides of each were 
reviewed to confirm the recorded pathological 
diagnosis. Pathological classification was ac- 
cording to that outlined by Klemperer and 
Rabin in 1931 [5]. Diffuse or malignant meso- 
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theliomas were classified as epithelial, spindle, 
or mixed cell type. 


Material 

There were 18 patients in the series, divided 
into 2 groups according to management. All pa- 
tients, 13 men and 5 women, had diffuse or 
malignant mesothelioma, The median age was 
57 years (32 to 70 years). Careful questioning 
revealed a definite history of asbestos exposure 
in only 2 patients. 


Group 1 

Group 1 was comprised of 7 patients who were 
managed by less radical operations or simple 
diagnostic procedures (Table 1). Two patients 
were women and 5 were men. The median age 
was 64 years. 

Five patients experienced recurrent effusions 
and had complete pleurectomy and pulmonary 
decortication. Two of these patients received, 
in addition, a course of cobalt radiation ther- 
apy to the operated side. One patient had peri- 
cardial tamponade and underwent partial peri- 
cardiectomy and pneumolysis, which was 
followed by chemotherapy (5-fluorouracil, 
methotrexate, and cyclophosphamide); and 1 
patient underwent pleural biopsy alone fol- 
lowed by chemotherapy. 

In this group the average survival was 10 
months after operation; 1 patient was lost to 
follow-up. There was 1 operative mortality sub- 
sequent to an acute myocardial infarction 1 
week following pleurectomy and decortication. 
Of 2 patients who survived 20 months, 1 re- 
ceived cobalt irradiation (5,000 rads) and 1 re- 
ceived chemotherapy. All surviving patients 
were relieved of symptomatic shortness of 
breath and chest wall pain by pleurectomy. No 
patient's postoperative period was complicated 
by the growth of tumor through the operative 
wound. 


Group 2 
Group 2 was comprised of 11 patients diag- 
nosed as having malignant mesothelioma, and 
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Table 1. Group 1: Malignant Mesothelioma Managed by Pleurectomy or Biopsy 


Patient No., 





Age (yr), Survival 
and Sex Diagnosis Side Therapy Result (mo) 
1. 64, F Spindle L Pleurectomy; Minimal pain relief 6 
intercostal 
neurectomy 
2. 69, M Mixed R Decortication Initial relief; 20 
and pleurectomy, progressive 
5,000 rads dyspnea 
2,602, F Epithelial L Pleurectomy; No recurrence of 11 
pericardial pericardial 
window; 5 FU, tamponade 
methotrexate; 
cyclophosphamide 
4. 57, M Epithelial R Pleurectomy Lost to follow-up 
5. 49, M Spindle R Pleurectomy; No improvement 2 
decortication; 
nitrogen mustard; 
cyclophosphamide; 
BCNU 
6. 70, M Epithelial È Lung biopsy; Excellent 20 
cyclophosphamide; palliation 
5 FU; metho- 
trexate 
7. 66, M Spindle R Pleurectomy; Acute postoperative 0 
subsegmentectomy; myocardial 
chest wall infarction 
resection 


5 FU = 5-fluorouracil; BCNU = carmustine. 


they were subjected to radical extrapleural 
pneumonectomy. This group, comprised of 8 
men and 3 women, constitute the body of this 
report. The median age was 53 years. The first 
operation was done in 1958, and 6 were per- 
formed during the past year. The remaining 
procedures were done between 1958 and 1976 
(Table 2). Five tumors were on the left and 6 
were on the right; none were bilateral. All pa- 
tients were seen with chest discomfort, and all 
were found to have unilateral pleural effusions 
on chest roentgenogram. Of the 11 patients, 3 
were initially treated by thoracotomy and 
pleurectomy. In 1 of these (Patient 13), a diag- 
nosis of mesothelioma was made at the time of 
thoracotomy, and she was referred for further 
therapy. In the 2 remaining patients, thora- 
cotomy and pleurectomy were performed for 
diagnosis and relief of a recurrent pleural effu- 
sion. In both instances, no specific diagnosis 
was made because the pleural tissue was not 
diagnostic of malignancy. However, sub- 
sequent early return of symptoms and effusion 


necessitated a second thoracotomy, at which 
time the diagnosis of mesothelioma was made 
and pneumonectomy was completed. 

Eight patients underwent  extrapleural 
pneumonectomy as initial therapy. Prior to 
this radical approach, all patients had complete 
evaluations in an effort to demonstrate meta- 
static disease or to prove that the pleural dis- 
ease was not the result of another occult pri- 
mary tumor. For each patient a complete history 
was compiled, a complete physical examination 
and standard laboratory tests were done, and 
multiple chest roentgenograms were made. Pa- 
tients with specific organ-system complaints or 
evidence of blood in the stool or urine were 
subjected to complete gastrointestinal studies 
by roentgenogram or intravenous pyelography. 
All patients had bone and liver scans to rule out 
metastatic disease. Bronchoscopy was done in 
the 8 most recent patients, and in none was the 
study diagnostic. Similarly, thoracentesis was 
never diagnostic of malignancy, but revealed 
only sanguineous effusion or nonspecific 
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Table 2. Group 2: Malignant Mesothelioma Managed by EPP 


Patient No., 
Age (yr), Survival 
and Sex Diagnosis Side Therapy Result (mo) 
8. 52, M Mixed R EPP Early improvement 14 
B. S3, FF Epithelial L EPP; 2,000 rads Long symptom-free 36 
interval 
10. 37, M Epithelial R EPP Weight loss; little 5 
improvement 
11.59, P Epithelial L EPP; cyclophos- Disease-free 48 
phamide 
12. 5L. M Epithelial R EPP Weight gain; 24 
disease-free 
13. 324, F Epithelial L Pleurectomy; EPP; No real improvement 6 
daunomycin; 
vincristine; 
cyclophosphamide; 
5 FU 
14. 54, M Epithelial R Pleurectomy; EPP Died 3 
15. 52, M Mixed R Pleurectomy; EPP Metastatic disease 9 
16. 58, M Epithelial L EPP; cyclophos- Metastatic disease 9 
phamide 
17. 537, M Epithelial £ EPP Died d 
18. 53, M Epithelial R EPP Disease-free 4 


EPP = extrapleural pneumonectomy; 5 FU = 5-fluorouracil. 


cytological information. Pleural biopsy was 
consistent with malignancy in 2 patients and 
mesothelioma in another. 

Patients who did not have a preoperative 
diagnosis of mesothelioma underwent biopsy 
at the time of thoracotomy. 

On return of a frozen section with a diagnosis 
of malignancy from a patient with other charac- 
teristics of this disease, such as thick, rubbery 
pleura and contracted lung, a diagnosis of 
mesothelioma was made and extrapleural 
pneumonectomy was undertaken. 

Prior to 1976, 5 patients in Group 2 were op- 
erated on. Two were women, and the median 
age was 52 years. There were no operative 
deaths, and the average survival was 22 
months. 

One individual did not benefit from opera- 
tion and died 5 months later. The procedure 
afforded good palliation to 2 patients. One of 
them (Patient 8) experienced weight gain and 
increased strength but died in 14 months with 
metastatic disease; and the other (Patient 9) en- 
joyed a 30-month, symptom-free interval before 
dying of recurrent mesothelioma 3 years after 





Fig 1. Preoperative posteroanterior chest roentgenogram 
(9/5/73) of Patient 11 who remains free of disease 4 
years after extrapleural pneumonectomy. Characteristic 
pleural thickening with nodularity is seen. 
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the initial procedure. At 2 and 4 years after op- 
eration, 2 patients have no evidence of recur- 
rent disease and are alive. Both patients had 
epithelioid tumors and in neither did the dia- 
phragm require resection. The initial chest 
roentgenogram of the 4-year survivor (Fig 1) is 
typical for a patient with pleural mesothelioma. 

During the years 1976 and 1977, 6 patients 
with the diagnosis of malignant mesothelioma, 
were operated on, and all underwent extra- 
pleural pneumonectomy. Chest roentgenograms 
of 3 patients representative of this group are 
shown in Figure 2. The median age was 52 
years and only 1 patient was a woman. There 
were 3 right and 3 left tumors. One patient, 
(Patient 13), died of continued spread of the 
tumor 6 months after the procedure and after 
repeated hospitalizations. In this instance, re- 
sidual tumor was left attached to the dia- 
phragm. Of the remaining 5 patients, 1 died 3 
months and another 4 months after operation, 
and 2 have evidence of recurrent disease at 9 
months. One has liver metastases, and the 
other has an inguinal node with metastatic 
tumor. Another patient remains disease-free at 
4 months. In each patient, every attempt was 
made to remove all gross tumor. Operative 
technique was uniform. 


Method 

We prefer to use a posterolateral thoracotomy 
with incision into the sixth interspace. A tumor 
biopsy specimen is then obtained. After malig- 
nancy is confirmed, care is taken to remain in 
the extrapleural space as dissection toward 
the hilum is completed. The pericardial cavity 
is entered anteriorly if tumor extension has 
occurred in this direction. The involved 
pericardium is excised en bloc with the lung 
and pleura. The hilar structures are divided 
either intrapericardially or extrapericardially 
using a stapling technique. Finally, the dia- 
phragm, except for a peripheral rim, is excised 
and the tumor removed. If free access to the 
diaphragm in its lateral and posterior extension 
is unavailable through the first incision, a sec- 





Fig 2. Representative chest roentgenograms from this 
series show the variable appearance of mesothelioma. 
Multinedular pleural thickening, contracted hemi- 

thorax, and pleural effusion are typical of the tumor. 
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ond parallel incision in a lower intercostal space 
is made to improve visualization and ensure 
complete resection. The diaphragm is then re- 
constructed with Marlex mesh reinforced with 
woven Dacron cut from a prosthetic tube graft 
and sewn to the mesh to make it watertight. 

All patients survived the operation and were 
discharged from the hospital. Except for 1 pa- 
tient whose diaphragm was reconstructed with 
unreinforced Marlex and in whom ascites de- 
veloped after operation, there were no compli- 
cations specific to the procedure. Survivors had 
initial relief of chest wall pain and shortness of 
breath. 


Illustrative Case Report 

A 53-year-old white man (Patient 18) sustained 
an acute myocardial infarction 1 year before 
admission. He did well for 8 months, at which 
time he experienced the onset of constant right 
chest pain. Pain was neither pleuritic nor exer- 
tional and remained on the right side. Evalua- 
tion at a referring institution included a chest 
roentgenogram that demonstrated both pleural 
fluid and thickening. Biopsy of the pleura was 
consistent with mesothelioma. 

The patient denied any previous pulmonary 
problems, and except for occasional cough and 
chest pain, he was without symptoms or com- 
plaints. The patient's history included smoking 
seventy-five packs a year and employment in an 
asbestos factory as a pipe wrapper for a period 
of 3 to 6 months in 1946. 

On physical examination, the patient was 
found to be a well-developed white man in no 
distress. The examination was entirely normal 
except for decreased breath sounds over the 
right hemithorax. There was no lymph- 
adenopathy and the abdomen was without 
masses or hepatomegaly. However, the fingers 
did show early clubbing. 

After admission, the patient was evaluated to 
rule out metastatic disease. All standard 
hematological and biochemical tests were nor- 
mal. Chest roentgenogram confirmed a right 
pleural effusion with pleural thickening. Full- 
lung tomograms showed no pulmonary masses 
on either side. Liver and bone scan were nor- 
mal, but a gallium scan demonstrated increased 
uptake over the right hemithorax. Com- 
puterized axial tomography of the chest dem- 





Fig 3. Computerized axial tomogram of the chest, dem- 
onstrating marked pleural thickening. Other sections 
confirmed the absence of pulmonary disease. 


onstrated an encircling mass in the lower half of 
the right side of the chest and no parenchymal 
lesion (Fig 3). 

On August 31, 1977, the patient underwent 
right extrapleural pneumonectomy, with resec- 
tion and replacement of the diaphragm. After 
operation the patient had no complications and 
was discharged. He remains active and without 
evidence of recurrent disease. 


Comment 
Many reviews that attempt to define the clinical 
characteristics and natural history of pleural 
mesothelioma have been published. Ehrenhaft 
and associates [3], in 1960, discussed a series 
of 16 patients with pleural mesothelioma; 8 of 
the tumors were benign and 8 were malignant. 
Survival of patients with malignant tumors 
averaged 12 months. Similarly, in 1963, Semb 
[9] reported on an additional 10 patients with 
malignant mesothelioma. Although this was a 
postmortem study, a 42-year-old man who had 
been treated by pleuropneumonectomy sur- 
vived 4 years. Pathological characteristics of 
mesothelioma were interpreted in a clinical 
diagnostic sense by Manífredi and co-workers 
[7]. The association of pleural fluid with a con- 
tracted homolateral hemithorax was considered 
to be highly suspicious for pleural meso- 
thelioma. We found this noteworthy associa- 
tion in several of our patients, particularly those 
in whom the tumor had reached massive pro- 
portions, compressing the lung and drawing 
the mediastinum toward it. 

The report by Porter and Cheek [8] dealt 
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with 12 patients, and the data were collected 
over 17 years. Eleven of their patients had 
malignant disease. Average survival from the 
time of diagnosis was 6 months for the com- 
plete operative series. One patient treated with 
radiation therapy lived for 8 years. 

In 1975, Shearin and Jackson [10] reported 
on 19 patients with malignant mesothelioma. 
The data on this series were collected over a 
14-year period. Mean survival in this group was 
10 months. No patient received extrapleural 
pneumonectomy, but the longest survivor (43 
months) was a man who underwent decortica- 
tion and partial pulmonary resection. 

A pessimistic view was presented by Taryle 
and associates [11]. Patients in their series re- 
ceived either no treatment or radiation therapy 
and chemotherapy, alone or in combination. 
Average survival was 11 months, and no pa- 
tient was disease-free at the time of observa- 
tion. Thoracotomy was recommended only for 
diagnosis. The importance of early, certain 
diagnosis to avoid unnecessary operation was 
stressed. 

Kovarik [6] contributed data on an addi- 
tional 9 patients. Of these, 1 individual had re- 
currence of tumor 7 years following complete 
resection of a histologically benign fibrous 
mesothelioma. This aggressive behavior in a 
benign tumor has been documented in earlier 
reports by Clagett [2] and Utley [12] and their 
co-workers. The mean survival in the group 
with malignant disease was only 9 months. 

The largest recent review (66 patients) origi- 
nated from the Memorial-Sloan Kettering 
Cancer Center and was reported by Wanebo 
and colleagues [13]. The diagnoses of malig- 
nancy were divided into two categories accord- 
ing to tissue type, epithelial or fibrosarco- 
matous mesothelioma, and were discussed 
separately. In the first group were 39 patients. 
Survival in the operatively treated patients 
averaged 28 months, and 4 were disease-free 
at 21, 32, 53, and 69 months, respectively. Radia- 
tion alone rendered no patient tumor-free, and 
average survival was only 13 months. The re- 
maining patients all died of the disease in less 
than a year. The 27 patients in the second group 
had fibrosarcomatous tumors, and 16 under- 
went resection. The average survival was re- 
duced to 17 months, but 3 patients were 


disease-free at the time of analysis. From these 
data it was recommended that operative re- 
moval of the pleura, when possible, in com- 
bination with external irradiation and che- 
motherapy provided the best expectation of 
success in patients with this disease. 

This concept of aggressive surgical therapy of 
the tumor was brought into focus in 1976 in a 
review of 29 patients treated with pleuro- 
pneumonectomy for malignant mesothelioma by 
Butchart and co-workers [1]. The series dem- 
onstrated a high hospital mortality of 31% and a 
compkcation rate of 43%, and only 3 patients 
survived longer than 2 years. However, careful 
analysis of the data suggested that better post- 
operative management and improved patient 
selection could well have improved the results. 
In particular, the authors concluded that if pa- 
tients chosen for pleuropneumonectomy were 
less than 60 years old, had no major systemic 
disease, and had tumors of the epithelial type, 
the risk of the operation was justified. 

Our own series of 11 patients undergoing ex- 
trapleural pneumonectomy may support that 
view. Utilizing well-known techniques of 
intraoperative and postoperative care, we have 
had ro intraoperative mortalities, and all pa- 
tients have survived hospitalization. The safe 
technical possibility of the procedure has been 
established; its ultimate effect on the natural 
historv of this disease remains to be deter- 
mined. Nevertheless, careful review of the lit- 
erature reveals isolated instances of long-term, 
disease-free survivors, all of whom have had 
resective operation for mesothelioma. On this 
basis, it is possible to presume that a safely per- 
formed operation that removes the entire tumor 
has strong expectations of improving the sur- 
vival cf and perhaps curing the individual with 
malignant pleural mesothelioma. Our 2 long- 
term, disease-free survivors at 2 and 4 years 
support this view. However, the rapid death or 
recurrence of disease in 5 of our most recent pa- 
tients suggests otherwise and underscores the 
dismal prognosis of malignant mesothelioma. 

Palliation can be achieved in the patient with 
malignant mesothelioma by  extrapleural 
pneumonectomy. A tumor that fails to respond 
to radiation therapy or chemotherapy con- 
tinues to enlarge in the thoracic cavity. The 
massive bulk of the tumor compresses the in- 
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volved lung and pushes the mediastinum to the 
contralateral side, compromising function of 
the opposite lung. The compressed lung is ven- 
tilated poorly and left-to-right shunts appear, 
further decreasing arterial oxygen saturation. 
Slow, but progressive, chest discomfort and 
pain require increasing amounts of narcotics. 
Thus an operative procedure that can alleviate 
these symptoms and physiological abnor- 
malities with minimal operative risk is of ben- 
efit to the patient, even though chances of cure 
are small. 

For these reasons, we make the following 
recommendations for the management of this 
group of patients. 


1. Malignant pleural mesothelioma should not 
be considered an inoperable disease. 

2. Patients suspected of having malignant 
mesothelioma should undergo complete 
evaluation by nuclear scan, roentgenog- 
raphy, and other currently available diag- 
nostic techniques to eliminate the possibility 
of metastatic disease. 

3. Patients without extrapulmonary disease 
who are judged clinically able to tolerate rad- 
ical surgery should have thoracotomy for tis- 
sue diagnosis and extrapleural pneumonec- 
tomy. If possible, all tumor-bearing tissue 
must be resected, including the diaphragm 
and pericardium, and reconstruction is ac- 
complished as described. 

4. The importance of tissue type to survival of 
the patient after successful extrapleural 
pneumonectomy is not known, and for this 
reason it should not be used at this time in 
patient selection for this type of operation. 
However, the results both in our patients 
and in series reported by others suggest that 
the pure epithelial tumor is the more favor- 
able lesion. 
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Discussion 

DR. EDWARD J. BEATTIE, JR (New York, NY): We cer- 
tainly agree that mesothelioma is a most serious dis- 
ease requiring further study and aggressive man- 
agement. I think it is important to stress that there 
are two types of this disease: localized and diffuse. 
The patients with the localized type can be surgically 
cured. Those with the diffuse type are the problem. 
In our surgical attack, we have not resected the dia- 
phragm as the authors have done, but from the pa- 
tients I have seen I think it would be very difficult to 
remove all gross disease. Frequently, the disease 
goes through the costal pleura. Time will show 
whether these patients are cured. 

In 1976, we reported on 33 patients with meso- 
thelioma. Only 2 of these patients lived 5 years. 
We gave up resecting lung tissue because we be- 
lieved that this procedure resulted in shortness of 
breath as time went by. More recently we have 
treated patients with mesothelioma with decortica- 
tion, tumor excision, and pleurectomy to control the 
effusion and followed up with internal-external ra- 
diotherapy and prolonged chemotherapy. We be- 
lieve this treatment prolongs useful life. 

I will quickly summarize two interesting case his- 
tories. One man with diffuse mesothelioma was first 
explored in August, 1966. He was treated with 
pleurectomy, internal radiotherapy, subsequent ex- 
ternal radiotherapy, and chemotherapy. The right 
chest finally opacified, but he lived 61⁄4 years. 

The second history indicates that the localized 
form of the disease may be aggressive, too. The pa- 
tient, a man, had a paraspinal mesothelioma resected 
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in 1961. Ten years later metastasis in the fifth thoracic 
vertebra was removed with bilateral thoracotomy. A 
fibular graft was used. 

Sixteen years after the original operation and 6 
years after the spine operation, the patient is still 
alive. He has had two additional operations for local 
recurrent fibrosarcomatous mesothelioma. 

| agree with the authors that an aggressive ap- 
proach is indicated, but I suspect that even with a 
radical operation we need better adjuvants. 


DR. ANTONIO A. GARZON (Staten Island, NY): I wish to 
congratulate the authors and summarize my experi- 
ence with pleural mesothelioma. In the past 10 
years I have operated on 7 patients with pleural 
mesothelioma. The procedure consisted of resection 
of the tumor, including the underlying lung paren- 
chyma. I performed 4 lobectomies, 2 pneumonec- 
tomies, and 1 local excision of a very large meso- 
thelioma attached to the parietal pleura. Gener- 
ally, the extent of the resection was tailored to the 
size of the tumor. Only 1 patient with a lobectomy 
survived 11/2 years. On the contrary, 1 patient with a 
pneumonectomy is alive 7 years after the operation 
and, at the present time, has recurrence of the tumor 
in the peritoneal cavity. The other patient who 
underwent pneumonectomy has lived for 3 years 
after the procedure without evidence of recurrence, 
and the patient who had simple excision of the 
mesothelioma is well 2 years later. The factor com- 
mon to these patients is that they all had large 
tumors, weighing more than 3 kg each. It may be that 
tumors that reach this size are less aggressive than 
smaller lesions. 

I emphasize two points: that the behavior of 
pleural mesothelioma is difficult to predict by the 
histological patterns and that lesions that are quite 
large have, in my experience, a better prognosis than 
smaller ones. I ask the authors of the paper to com- 
ment on this latter point. 


DR. FRANK R. JOHNSTON (Winston-Salem, NC): Over 
the years, we have had experience with 19 patients 
with diffuse pleural mesothelioma. The experience 
has been bad uniformly. In fact, I believe that most of 
these patients would have been better off if they had 
not seen a surgeon at all. The tumor seems to have a 
predilection for biopsy wounds, needle biopsy 
tracts, and the chest wall, and results in increased 
pain and discomfort. One patient who had a left 
lower lobectomy and partial pleurectomy survived 4 
years. Some years ago we wondered about the possi- 
bility of an en bloc dissection of pleura, lung, and 
part of chest wall but became discouraged after read- 
ing the reports of those who had tried it. 

The experience of Dr. DeLaria, as reported today, 
suggests that in some instances radical operation 
may be worthwhile. 

The Japanese and Europeans have been interested 
in the biochemical diagnosis of this lesion by mea- 


surement of hyaluronic acid in the pleural fluid or in 
the tissue. I wonder if the authors have any informa- 
tion or experience with this. If such a biochemical 
method is accurate, it would allow block dissection 
withovt the necessity of entering the tumor for the 
purpose of biopsy. Please expand a little more on 
what you do with the diaphragm. If you remove it 
completely, how do you repair the defect? 


DR. AGUSTIN ARBULU (Detroit, MI): Recently we had a 
patient who was seen with malignant mesothelioma. 
After failing to make a diagnosis, we undertook 
pleurectomy and decortication. The results were not 
successful. The patient is still alive, but she now has 
edema of the breast, which we considered for a while 
to be zn inflammatory carcinoma of the breast. 

I wonder if the authors would consider using their 
approach for this type of patient. 


DR. DE LARIA: I thank all of the discussants. Regard- 
ing Dr. Beattie’s questions, in patients on whom we 
have operated, there has been no growth of the 
tumor through the chest wall. Instead, the tumor 
surface has imprints of the ribs. Those imprints were 
produced by the pressure of tumor growth against 
the chest wall. 

We believe that in the patients in whom we per- 
formed extrapleuralpneumonectomy, lung salvage 
was nct possible. The mesothelioma covers the lung, 
compressing and contracting it. For this reason and 
with the expectation of better long-term control we 
think it preferable to remove the entire lung. 

Dr. Garzon, we are pleased that you also have had 
a positive experience with malignant mesothelioma. 
] think the fact that you have 3 patients who have 
lived a relatively long time is very encouraging. 

Dr. Johnston, I think you speak to what is a com- 
monly held opinion about mesothelioma, and I agree 
that the experience of most surgeons with it has 
been dismal. Fortunately, despite biopsies and 
thoracotomy incisions, none of our patients has 
shown tumor growth through the wound and none 
has complained of incisional chest wall pain. 

We have not measured the hyaluronic acid and 
have ro experience with that procedure. 

We do excise the diaphragm when it is necessary. 
Butchart and colleagues thought this an important 
aspect of the operation, and we agree. As the lung 
and tumor are mobilized, the diaphragm is removed, 
leaving a rim for attachment of a Marlex mesh rein- 
forced with Dacron. The Dacron reinforcement is 
important because ascites may develop from 
pneumonectomy fluid going across the Marlex mesh. 

Regarding Dr. Arbulu’s question, if his patient did 
not have inflammatory carcinoma of the breast, we 
would recommend extrapleural pneumonectomy. We 
have had 3 patients in whom biopsy was negative 
and pleurectomy was not diagnostic. At a sub- 
sequent procedure, the diagnosis was mesothelioma, 
and completion pneumonectomy was performed. 








CASE REPORTS 


Saphenous Vein Bypass 


from the Aorta to the Anterior Interventricular Vein 


Bernardo Treistman, M.D., Tulio A. Sulbaran, M.D., and Denton A. Cooley, M.D. 


ABSTRACT A patient is described who had myo- 
cardial revascularization with saphenous vein grafts. 
One of the grafts was inadvertently anastomosed to 
the anterior interventricular vein instead of the an- 
terior descending coronary artery. He also under- 
went saphenous vein bypass to the right coronary 
artery and resection of a left ventricular aneurysm. 
The patient remained free of angina up to 31⁄2 years 
after operation, at which time he was seen with 
tachyarrhythmia and a continuous murmur. Coro- 
nary arteriography revealed patent bypass grafts to 
both the distal right coronary artery and the anterior 
interventricular vein. 

Whether the patient benefited from the graft to the 
anterior interventricular vein remains indetermin- 
able because of the successful bypass to the right 
coronary artery and the left ventricular aneu- 
rysmectomy. He did experience clinical improve- 
ment for 342 years, and the symptom when he was 
seen at our institution was tachyarrhythmia, not 
chest pain. Additionally, his exercise tolerance had 
improved markedly. We believe the potential advan- 
tages of bypass from the aorta to the coronary veins 
is still unexplored. 


Saphenous vein bypass from the aorta to the 
coronary vein has been performed experimen- 
tally in animals. Bhayana and associates [2] 
reported that it is possible to prevent ischemia 
induced by ligation of the corresponding artery 
by "arterializing" a coronary vein. We describe 
a patient who was observed 31⁄2 years after hav- 
ing undergone arterialization of the anterior in- 
terventricular vein. 


A 55-year-old man who had had a myocardial 
infarction in 1971 experienced increasing an- 
gina and was hospitalized elsewhere for eval- 
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uation in 1973. At that time, physical examina- 
tion was unremarkable and no heart murmurs 
were audible. The electrocardiogram revealed 
evidence of left atrial enlargement, an old 
anterolateral infarction, and persistent S-T 
elevation throughout the precordial leads. 
The patient was given a treadmill test accord- 
ing to the Bruce protocol, and he performed for 
7 minutes. At maximum stress the patient ex- 
perienced chest pain and S-T segment eleva- 
tion; however, the S-T segment changes were 
in the distribution of the previous infarction, 
and the test was indeterminate. Cardiac 
catheterization revealed a prediagonal occlu- 
sion of 100% of the left anterior descending 
coronary artery (LAD) and scattered ath- 
erosclerotic plaques, but no major stenosis, in 
the circumflex system. There were 3 sequen- 
tial stenoses (80%) with good distal vessel 
runoff in the right coronary artery. 

The patient underwent saphenous vein by- 
pass grafting to the distal right coronary ar- 
tery (RCA) and what was believed to be the 
LAD. In addition, an aneurysm of the an- 
terolateral wall of the left ventricle was resected. 
The patient progressed well during the post- 
operative period; however, a grade 3/6 systolic 
murmur was discovered. He was discharged 
and remained asymptomatic for 31/2 years. In 
September, 1976, the patient had an episode of 
syncope and palpitations. He was examined at 
that time and was found to have supraventricu- 
lar tachycardia at a rate of 200 per minute and 
required electrical cardioversion to control the 
tachycardia. Two subsequent episodes of tachy- 
arrhythmia and the discovery of a new di- 
agnostic murmur prompted referral to our in- 
stitution. 

At this admission physical examination re- 
vealed a blood pressure of 200/100 mm Hg and a 
regular pulse rate of 70 beats per minute. Jug- 
ular venous pressure was normal, and the 
lungs were clear to auscultation. Cardiovascular 
examination revealed normal first and second 
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Fig 1. Right anterior oblique (RAO) angiogram show- 
ing saphenous vein graft (G) emptying into the anterior 
interventricular vein (AIV). It continues into the great 
cardiac vein (GCV) and coronary sinus (CS) and, fi- 
nally, into the right atrium (RA). 


heart sounds. An S, gallop was heard as well as 
a grade 2-3/6 continuous murmur that was 
loudest over the third intercostal space along 
the left sternal border. The murmur was audible 
faintly in the neck but did not radiate to the 
back. The point of maximum impulse was in 
the fifth intercostal space and was normal. The 
remainder of the physical examination was un- 
remarkable. The electrocardiogram again re- 
vealed evidence of left atrial enlargement and 
an old anterolateral infarction. There were no 
abnormalities on the chest roentogenogram. A 
treadmill exercise test was given, and the pa- 
tient completed 10 minutes of exercise (stage IV 
of the Bruce protocol) and thereby increased his 
heart rate to 165 beats per minute (95% of 
maximum predicted). S-T elevation in the area 
of the previous myocardial infarction was ob- 
served, with depression of the S-T segment 
in the inferior leads. The patient experienced 
neither chest pain nor arrhythmia during the 
test. Holter monitoring revealed occasional 
premature atrial contractions and a moderate 
number of premature ventricular contractions. 

Results of cardiac catheterization showed the 
following: pressures in the right side of the 
heart were mildly elevated, there was no step- 


up in oxygen saturation in the right side of the 
heart, and left ventricular end-diastolic pres- 
sure was 14 mm Hg. Coronary arteriography 
revealed a patent bypass graft to the distal RCA 
and a saphenous vein graft from the aorta to the 
anterior interventricular vein instead of the 
LAD (Figs 1 and 2). The left ventricular angio- 
gram revealed a large anteroapical akinetic area, 
with fair contraction of the posterior basal seg- 
ment. injection of contrast medium into the aor- 
tic roct revealed no evidence of aortic regurgita- 
tion. 5ince the patient was not experiencing 
angina and the shunt was small, medical treat- 
ment with antiarrhythmic medication was ad- 
vised. 


Comment 

Experimental and clinical experience with the 
use of the internal mammary-coronary vein 
anastomosis was described by Park and as- 
sociates [7]. They postulated that patients with 
diffuse coronary artery disease who were not 
suitable candidates for direct myocardial revas- 
cularization may benefit from this technique of 
retrograde myocardial perfusion. 

Vieweg and co-workers discussed a patient 
who had saphenous vein bypass grafting from 
the aorta to a coronary vein. To our knowledge, 
our patient is the second reported in the En- 
glish literature. We believe, however, that in- 
advertent grafting has occurred more often than 
is indicated by a review of the literature. 

The patient experienced clinical improve- 
ment for 31/2 years. When he was seen at this 
time the symptom was tachyarrhythmia, not 
chest pain. In addition, his exercise tolerance 
(according to the Bruce protocol) had improved 
significantly compared with preoperative per- 
formance. It is impossible to determine defi- 
nitely whether this improvement was re- 
lated to the effects of the graft from the aorta to 
the arterior interventricular vein because the 
patient also underwent a bypass to the distal 
RCA (patent after operation) and a left ventricu- 
lar aneurysmectomy. However, it is possible 
that the improvement was related directly to the 
aortovenous bypass, especially in light of the 
experimental work done by Bhayana and col- 
leagues [2]. They found that the ischemia in- 
duced by ligating the coronary artery could be 
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Fig 2. Left anterior oblique (LAO) angiogram (A) and 

line drawing (B) showing saphenous vein graft (G), emp- 
tying into the anterior interventricular vein (AIV). The 
coronary sinus (CS) empties into the right atrium (RA). 


prevented if the correspondent vein was “‘ar- 
terialized" by an arterial vein bridge; sub- 
sequent interruption of this bridge would result 
in reappearance of the ischemia. Further evi- 
dence of the beneficial effect of the vein graft in 
our patient will be provided if closure of the 
anterior interventricular vein bypass in the fu- 
ture is associated with clinical deterioration, in 
the absence of other changes in the coronary 
circulation. 

Congestive heart failure is a potential compli- 
cation of aortocoronary vein bypass. It was re- 
ported to occur [6] when Beck's procedure [1] 
was used. This procedure, although a different 
operation from aortocoronary vein bypass, in- 
cludes arterialization of the coronary sinus." 
Congenital coronary arterial fistulas terminat- 
ing in the coronary venous system reportedly 
have resulted in a 5396 incidence of congestive 
heart failure [5]. Conceivably, a coronary ar- 
tery "steal" syndrome is created, which is not 
totally analogous to a fistula from the aorta. In 
addition, most reported instances of patients 
with congestive heart failure and congenital 
coronary fistulas were adults. This suggests that 
a prolonged period of time or other superim- 
posed factors may be necessary before conges- 
tive heart failure develops. Our patient did not 





have evidence of congestive heart failure after 
31⁄2 years. Along with the short time of expo- 
sure, the fact that the shunt was small (indi- 
cated by no step-up of blood oxygen content in 
the chambers of the right side of the heart) pre- 
vented the development of congestive heart 
failure. Other potential complications of coro- 
nary artery-to-coronary vein bypass or of right 
heart fistulas, such as, bacterial endocarditis, 
pulmonary hypertension, or rupture of the vein 
with hemopericardium [3, 4] were not present 
in our patient. 

In patients with coronary artery disease, a 
diastolic murmur could be caused by a variety 
of conditions. In our patient, however, and as 
reported elsewhere [8, 9], a new continuous 
murmur was an important sign of development 
of an arteriovenous fistula. 

If it is found that a patient has a bypass to a 
cardiac vein instead of an artery, should an- 
other operation be done to connect the graft to 
the artery? We believe that if the patient is 
asymptomatic, if results of a postoperative 
treadmill test show improved exercise tolerance 
compared with preoperative results, and if the 
shunt is small, the patient should be followed 
clinically and should not undergo new opera- 
tive intervention unless the clinical condition 
begins to deteriorate. 

Further experimental evaluation, along with 
controlled short- and long-term clinical 
follow-up, is needed to establish the role of aor- 
tocoronary vein bypass in patients with is- 
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chemic heart disease. Results in our patient 
suggest that this type of bypass may be bene- 
ficial and that when diffuse distal arterial vessel 
disease interferes with successful coronary ar- 
tery bypass, an aortocoronary vein bridge may 
be an alternative mode of therapy. 
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Bilateral Subclavian Artery 


Aneurysm 


Associated with Idiopathic Cystic Medial Necrosis 


Henry J. Fee, M.D., Harold S. Gewirtz, M.D., Theodore X. O'Connell, M.D., 


and Jules H. Grollman, M.D. 


ABSTRACT Although cystic medial necrosis, either 
idiopathic or associated with Marfan’s syndrome, 
usually becomes manifest as an ascending aortic an- 
eurysm, aortic insufficiency, aortic dissection, or a 
combination of these disorders, a rare case of bilat- 
eral subclavian artery aneurysm secondary to idio- 
pathic cystic medial necrosis has occurred. Subcla- 
vian artery aneurysms most commonly represent 
poststenotic dilatation from anterior scalene or cervi- 
cal rib compression, occasionally are associated with 
generalized arteriosclerotic peripheral vascular dis- 
ease, and rarely are secondary to syphilitic or my- 
cotic infections. : 

Subclavian artery aneurysms have a major risk of 
rupture, embolus, or thrombosis, and therefore 
should be repaired. A reverse saphenous vein or 
prosthetic bypass graft from the carotid to the axil- 
lary artery provides adequate flow to the upper ex- 
tremity. The aneurysm should be completely excised 
if possible, since reexpansion through small collat- 
erals or through insufficient closure by ligation can 
occur and compress the brachial plexus after success- 
ful bypass. The clinical presentation, angiographic 
findings, and operative repair of a subclavian artery 
aneurysm secondary to cystic medial necrosis are de- 
scribed. 


Cystic medial necrosis secondary to Marfan’s 
syndrome or of an idiopathic nature has been 
described in association with aneurysms or dis- 
section of the ascending aorta. Occasionally this 
disease process may involve other segments of 
the aorta, its branches, or the pulmonary artery 
[5]. We recently treated a patient with bilat- 
eral subclavian and carotid artery aneurysms 
secondary to idiopathic cystic medial necro- 
sis. A discussion of the symptomatology, radio- 
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graphic characteristics, pathophysiology, and 
surgical approach to this interesting disease 
forms the basis of this report. 


A 42-year-old man was admitted one year 
after suffering an anterior myocardial infarction 
because of pain and paresthesias of the left arm 
that had lasted one day. He gave no personal or 
family history of diabetes, hypertension, aneu- 
rysms, or Marfan’s syndrome. His medications 
had included theophylline and ibuprofen (Mot- 
rin). Lipoprotein electrophoresis was normal, 
and an electrocardiogram demonstrated an old 
anterior myocardial infarction. The only ab- 
normality on physical examination was absence 
of the left brachial and radial pulses. A left 
brachial artery thrombectomy restored circula- 
tion to the upper extremity. Subsequent ar- 
teriograms revealed bilateral subclavian artery 
aneurysms located between the internal mam- 
mary and axillary arteries (Figs 1, 2). Residual 
thrombus was identified in the distal portion of 
the aneurysm. There was mild fusiform dilata- 
tion of both distal common carotid and prox- 
imal internal carotid arteries (Fig 3). The prox- 
imal ascending aorta was visualized during 
cineangiocardiography, performed to rule out 
intracardiac mural thrombi, and was normal in 
size. A reverse saphenous vein bypass from the 
left common carotid to the left brachial artery 
with ligation of the aneurysm was performed 
without difficulty, and four months later a simi- 
lar procedure was performed on the right. 

The patient did well for five months and then 
noted gradual onset of paresthesias in the left 
shoulder and arm. On physical examination 
there was a pulsatile 5 cm mass in the left su- 
praclavicular fossa and good brachial and radial 
pulses. Arteriography disclosed enlargement 
of the left subclavian artery aneurysm, which 
filled anterograde through a small collateral 
channel to the ligated segment and retrograde 
from the patent graft. During the interim the 
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Fig 1. Selective left subclavian arteriogram showing a 
lobulated fusiform aneurysm of the subclavian, axillary, 
and proximal brachial arteries. There is a small amount 
of residual clot in the distal portion of the aneurysm just 
after the origin of the circumflex humeral artery. 





Fig 2. Selective right subclavian arteriogram also show- 
ing a lobulated fusiform aneurysm of the same arteries. 
There is no clot. 


dilatation of the carotid arteries had increased 
slightly. The aneurysm was excised without dif- 
ficulty, and the patient was asymptomatic six 
months postoperatively. Microscopic examina- 
tion of the aneurysm specimen demonstrated 
cystic medial necrosis (Fig 4). 


LÀ 





Fig 3. Right posterior oblique arteriogram of the aortic 
arch showing gradual mild dilatation of the distal one- 
thirds cf both common carotid arteries extending through 
the internal carotid sinuses and into the proximal internal 
carotid arteries. The distal ascending aorta is not dilated. 


Comment 
Subclavian artery aneurysms are unusual and 
comprise only a small percentage of periph- 
eral aneurysms [10]. Until recently, the most 
common etiology was syphilis, but now the 
principal causes are arteriosclerotic peripheral 
vascular disease, trauma, and postobstructive 
dilatation secondary to a cervical rib or prox- 
imal scalene muscle [2]. A case of subclavian 
artery aneurysm secondary to cystic medial ne- 
crosis was reported by Persaud in 1968 [12] 
when he described successful right subclavian 
aneurysmectomy and bypass with a prosthetic 
graft. Only lately has the significance of idio- 
pathic cystic medial necrosis as a cause of de- 
scending aortic aneurysms been fully recog- 
nized [5], and it is possible that many “ar- 
teriosclerotic" peripheral aneurysms are actu- 
ally due to this entity. 

The etiology of cystic medial necrosis is un- 
knowr. Multiple instances of familial occur- 
rence in the absence of Marfan's syndrome have 
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Fig 4. Microscopic examination of the aneurysm speci- 
men demonstrating cystic medial necrosis. (H&E; origi- 
nal magnification X97.) 


been noted, suggesting an inherited factor, but 
most such cases are sporadic. Several toxins 
have been proposed as pathogenetic. Aortic 
degeneration has been produced with diph- 
theria toxin [4] and sweet peas [1] (in which 
the toxic agent is jf-aminopropiononitrile). 
Anoxia secondary to occlusion of the vasa 
vasorum has likewise been implicated. 

In view of its connection with Marfan's syn- 
drome, cystic medical necrosis has also been 
considered a degenerative connective tissue 
disease. It has been associated with Ehlers- 
Danlos syndrome [7], osteogenesis imperfecta 
[3], and Hurler's syndrome [13] in addition to 
Marfan's syndrome. The metabolic defect in 
Marfan's syndrome appears to be in the pro- 
duction of ground substance; thus far, a bio- 
chemical defect has not been identified in idio- 
pathic cystic medial necrosis. The action of 
B-aminopropiononitrile is to block collagen 
cross-linking. This may be one of several causes 
of the idiopathic necrosis, but there is no evi- 
dence that it is the basic defect in the clinical 
disease. 


The relationship between idiopathic cystic 
medial necrosis and Marfan's syndrome is un- 
clear. Most pathologists consider the vascular 
lesions of the two disorders to be identical both 
microscopically and grossly [14], although 
others have found that idiopathic medial necro- 
sis does not exhibit dilatation of the vasa va- 
sorum and whorling of smooth muscle. Assum- 
ing that the lesions are histologically identical, 
the question remains whether idiopathic cystic 
medial necrosis represents a forme fruste of 
Marfan's syndrome. Patients with the disorder 
have been shown in kindreds with and without 
Marfan's syndrome [9, 11]. Unfortunately, no 
biochemical marker for Marfan's has been 
found; this would help clarify the relation be- 
tween the two diseases. The convention we ac- 
cept is to consider patients with cystic medial 
necrosis and no family history of Marfan's syn- 
drome to have an idiopathic disease and those 
with a family history of Marfan's syndrome to 
represent a forme fruste of that syndrome. 

The angiographic findings of cystic medial 
necrosis are characteristic and easily differ- 
entiated from those of arteriosclerotic vascular 
disease, syphilis, trauma, and postobstructive 
dilatation. There is uniform dilatation of the 
proximal ascending aorta extending down to 
include the aortic sinuses, which are effaced [5, 
6]. The aortic wall is smooth, and the process 
can extend up to involve the aortic arch and 
descending thoracic aorta as well. Although the 
dilatation is usually symmetrical (as it was in 
the carotid arteries in our patient), it is occa- 
sionally asymmetrical (as in our patient's sub- 
clavian arteries). A large proportion of patients 
develop associated dissection of the aortic wall. 
Aortography will show multiple intimal flaps 
manifested by radiolucent curvilinear lines [8]. 
Aortic valve incompetence due to dilatation of 
the valve ring is likewise common. 

As with all aneurysms, those of the sub- 
clavian artery are best treated with surgical 
excision whenever possible. The majority of 
subclavian artery aneurysms can be safely 
approached through a supraclavicular incision 
and, after total excision, bypassed with either a 
reverse saphenous vein or a prosthetic graft. 
Ligation is not recommended because the aneu- 
rysm often recurs, as it did in our patient. 


390 The Annals of Thoracic Surgery Vol 26 No 4 October 1978 


Microscopic examination of the wall of the 
involved vessel usually demonstrates fragmen- 
tation of elastic fibers of the lining of the media, 
mucoid degeneration, and separation of the 
elastic lamina by cystic spaces [5, 12]. In cystic 
medial necrosis of the ascending aorta this pro- 
cess is usually confined proximal to the first 
aortic branch. In our patient, however, the 
bilaterality of the subclavian artery process and 
evidence of carotid aneurysms would indicate 
that the process can be diffuse. 

In view of the paucity of information in the 
literature, no prognosis can be made. The aneu- 
rysmal enlargement of the carotid arteries is 
worrisome and necessitates close observation 
and eventual surgical intervention if the dilata- 
tion progresses. 
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. REVIEW OF RECENT BOOKS 


Intensive Care 

By John Joakim Skillman, M.D. 

Boston, Little, Brown and Company, 1975 
609 pp, $26.50 


Reviewed by Lewis H. Bosher, Jr., M.D. 


The treatment of subject matter in Intensive Care var- 
ies from chapter to chapter, ranging from a discourse 
in depth, expounding the physiology and patho- 
genesis of the normal and abnormal, to a manual 
of therapy emphasizing the practical, sometimes 
primarily by means of illustrated clinical cases. No 
doubt, Dr. Skillman and the 15 contributing authors 
sought to balance the method of presentation against 
the availability of similar information in other publi- 
cations. There is thus some lack of uniformity. One 
may wish to use the book as a reference and study 
text rather than as an everyday manual, and for this 
purpose the bibliographies are in general outstand- 
ing. However, the book stands high among available 
texts in this field. 

Psychiatric problems that arise during intensive care 
of critically ill patients are perceptively analyzed in a 
superb chapter by a psychiatrist who has obviously 
gained a rich experience from direct involvement in 
the intensive care unit. This penetrating analysis of 
patients’ intellectual, emotional, and psychological 
reactions to a variety of unusual visual, auditory, and 
traumatic stimuli should serve to awaken a wider in- 
terest in the diverse causes of agitation and delirium 
among patients in intensive care units. The author 
makes it clear that many of the causes are prevent- 
able. 

The chapter on acid-base balance comprises a basic 
text for most such clinical problems confronting the 
physician. It also provides the foundation for suc- 
ceeding chapters on renal impairment in the surgical 
patient and management of the oliguric patient. The 
depth and breadth of the theoretical considerations 
may detract to some extent from practical aspects 
of therapy. Perhaps specific clinical examples with 
details of corrective measures would have en- 
hanced the value of the material. 

Chapter 5 constitutes a comprehensive review of 
the physiological responses of the cardiovascular sys- 
tem to surgery. A considerable basic knowledge of 
cardiovascular physiology is a prerequisite for full 
comprehension and utilization of this chapter, and it 
may be necessary to read it several times to digest 
fully the contents. A discussion of the myocardial 
and peripheral control mechanisms of the circulation 
serves as an introduction to practical therapeutic 
considerations, and the section on postsurgical ar- 
rhythmias, their recognition and treatment, should 
prove particularly useful. An excellent bibliography 
accompanies the chapter. 

Three chapters are devoted to respiratory problems 
of the critically ill patient, and although there is some 
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overlap, they do supplement one another. Discus- 
sion of the complex pathology and pathophysiologi- 
cal mechanisms of acute and chronic pulmonary dys- 
function is restricted; instead, the emphasis is on the 
practical solution to commonly encountered clinical 
problems. The importance of determining and inter- 
preting correctly the alveolar-arterial oxygen tension 
difference as a guide to appropriate therapy is 
stressed repeatedly. A detailed report of the therapy 
given a patient who had complicated postoperative 
respiratory insufficiency elucidates many of the con- 
siderations raised previously. 

Because there are so many causes of infection and 
because the varying clinical manifestations depend 
on organ and anatomical involvement, a general 
chapter on infections is most difficult to compose. In 
this book, the author of such a chapter explains 
the genesis of infectious complications from a 
pathophysiological standpoint as pertains to the skin 
and the respiratory, gastrointestinal, and genitouri- 
nary tracts. Much of the chapter is devoted to specific 
postoperative wound infections or to infectious 
states requiring major surgical intervention, and 
many of the conditions discussed would have been 
more appropriately considered in a surgical treatise 
or monograph. Nevertheless, the author presents the 
material with great clarity. 

Without attempting to oversimplify the compli- 
cated field of congenital and acquired coagulop- 
athies, the author of two chapters on bleeding and 
coagulation provides an array of therapeutic guide- 
lines. They should be a handy reference for the sur- 
geon venturing into trauma or major elective surgery 
and faced with the bleeding disorders that accom- 
pany shock, liver disease, sepsis, multiple transfu- 
sions, and cardiopulmonary bypass. For the surgeon 
confronted by problems demanding urgent so- 
lutions and lacking readily available sophisticated 
laboratory facilities and coagulation consultation, the 
author's recommendations should offer a more or- 
derly approach and warn of impending difficulties. 

The authors of a chapter on hypotension caution 
against the overenthusiastic replacement of blood 
volume deficits with Ringer's lactate, particularly in 
the elderly patient with marginal myocardial com- 
pensation, and secondarily support the use of albu- 
min or protein preparations together with electrolyte 
replacement. Other causes of hypotension, among 
them sepsis, cardiac tamponade, cardiac arrhythmia, 
pulmonary embolism, and adrenal insufficiency, are 
illustrated by case reports with recommended treat- 
ment. There is no discussion of the physiological 
bases or a unified concept of shock. 

One of the most informative and useful dis- 
cussions in the book is in the two chapters on corti- 
costeroid and catecholamine physiology and ther- 
apy. The author's presentation is orderly and his 
advice detailed and decisive, but qualified in those 
situations in which scientific support is lacking. 


























There is much useful information particularly for the 
surgeon who may have reserved this field to the en- 
docrinologist or endocrine surgeon. 

Skillman’s Intensive Care is recommended as a valu- 
able addition to the surgeon’s library. 


Richmond, VA 


Patient Care in Cardiac Surgery (2nd ed) 
By Douglas M. Behrendt, M.D., 

and W. Gerald Austen, M.D. 

Boston, Little, Brown and Company, 1976 
179 pp, illustrated, $8.95 


Reviewed by Lawrence L. Michaelis, M.D. 


This valuable handbook deals with the perioperative 
management of cardiac surgical patients and also 
contains sections devoted to postoperative complica- 
tions, special problems encountered in infants and 
children, and specific instructions in operative ven- 
tilatory assistance and respiratory care. The appen- 
dixes contain dosages for drugs commonly used in 
adults and infants undergoing cardiac surgical pro- 
cedures, a list of selected readings, and an extensive 
set of references. The expansion that has occurred in 
coronary artery surgery since the first edition of 
this book was published and the refinement of 
specialized techniques of pediatric cardiological 
surgery account for the major revisions and lengthen- 
ing of the text. 

The handbook is a convenient size and is filled 
with material that the neophyte cardiac surgeon or 
the general surgical resident on the cardiac surgical 
service may have difficulty finding since it is not 
routinely included in textbooks. Examples include 
such items as a house officer's worksheet for pre- 
operative evaluation, a checklist for nurses, typical 
preoperative and postoperative orders, techniques 
for insertion of monitoring lines, detailed descrip- 
tions of the conduct of cardiac surgical procedures, 
infusion rates of commonly used drugs, and a gen- 
eral plan for providing prolonged respiratory care 
with specific emphasis on positive end-expiratory 
pressure and intermittent mandatory ventilation. 

The section on infants is especially helpful and 
contains information on special metabolic needs, 
principles of respiratory and intensive care, feeding 
problems, and counseling techniques for parents of 
critically ill children. 

Postoperative complications are discussed in detail 
and reflect the authors’ techniques of dealing with 
them. These complications include bleeding, post- 
operative rhythm disturbances, cardiac arrest, hypo- 
tension and the low cardiac output syndrome, 
oliguria, fluid and electrolyte problems, fever and in- 
fection, and complications of the gastrointestinal, 
central nervous, and peripheral vascular systems. 
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All in all, this manual provides a detailed descrip- 
tion of the complete perioperative care of the cardiac 
surgical patient and should be mandatory reading for 
every aspiring cardiac surgeon. It belongs in the 
pocket of the surgical house officer who rotates 
through a cardiac surgical service, and it should be 
on the shelf of the surgical intensive care unit and 
the coronary care unit. This manual, in its second 
edition, remains the classic handbook of reference 
for the perioperative care of the cardiac surgical 
patient; however, it would be of benefit to all sur- 
geons, internists, and pediatricians. 


Chicaga, IL 


Radiographic Anatomy of the Coronary Arteries: An 
Atlas 

Edited by Benigno Soto, M.D., Richard O. Russell, Jr., 
M.D., and Roger E. Moraski, M.D. 

Mount Kisco, NY, Futura Publishing Company, 1976 
305 pp, illustrated, $35.00 


Reviewed by Donald Silver, M.D. 


This vclume is a comprehensive and functional atlas 
of corenary arteriography designed for physicians 
and students of medicine “who recognize a need for 
better understanding of this important aspect of 
anatomry and medicine." It reviews the editors' ex- 
periences at the University of Alabama. 

The atlas is written in a precise and comprehensive 
style, vet is easily read and understood. The numer- 
ous clearly labeled illustrations not only complement 
the tex: but also enable the reader to obtain a more 
thorough understanding of the normal and abnormal 
coronary anatomy in the usual angiographic projec- 
tions. The many schematic drawings illustrate ana- 
tomical concepts and emphasize some of the impor- 
tant features indicated on the angiograms. 

The first three chapters describe the editors' meth- 
ods of coronary arteriography and interpretation of 
angiograms, the anatomy of the sinuses of Valsalva 
and the origins of the coronary arteries, and methods 
for evaluating the course of the coronary arteries— 
the so-called circle-loop concept. The following three 
chapters review the normal anatomy of the coronary 
arteries while the next five discuss the anatomy of 
diseased coronary arteries. Single- and multiple- 
vessel disease as well as collateral circulation are re- 
viewed. The last chapter presents the radiographic 
anatomy of saphenous vein bypass grafts. 

In summary, the atlas, which reviews the anatomy 
of normal and diseased coronary arteries, should be 
of value to all students of the coronary circulation and 
will be especially appreciated by medical students, 
cardiologists, radiologists, and cardiac surgeons. 


Columaa, MO 
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Motor Disorders of the Esophagus 

By K. D. Henderson, M.D. 

Baltimore, The Williams & Wilkins Company, 1976 
231 pp, illustrated, $22.50 


Reviewed by W. spencer Payne, M.D, 


The author of this book is an eminently qualified 
thoracic surgeon who has long concerned himself 
with clinical and laboratory investigation of esoph- 
ageal function in health and disease. Through his 
association with colleagues at the Toronto General 
Hospital, he has been able to draw on the larger ex- 
perience of that institution to develop an authoritative 
review of motor disorders of the esophagus. 

The book begins with a brief review of functional 
anatomy and physiology, with emphasis on a sound 
clinical approach for investigation and management. 
Dysfunctions of the lower esophageal sphincter are 
agreeably included among the major disorders of the 
esophagus. Functional aspects of competence and re- 
flux are emphasized rather than anatomical defor- 
mity. The latter is not ignored but is classified in the 
conventional manner and placed in perspective. Sur- 
gical management of gastroesophageal reflux and its 
complications are covered broadly and well, indicat- 
ing current therapeutic preferences of the author. 

On first appraisal, the division of motor disorders 
of the esophagus into "primary" and "secondary" 
with multiple varietal subtypes seems an almost un- 
forgiveable complication of an already arcane 
classification. Nonetheless, this classification ap- 
pears to serve the author as he develops his thesis to 
encompass 90% of the diseases of the esophagus. 
Thus, primary motor disorders are divided into 
myogenic, myoneural, neurogenic, and indetermi- 
nate (including scleroderma and diffuse spasm, 
which he prefers to call "primary disordered motor 
activity," or PDMA). The primary disorders are 
either idiopathic (achalasia or PDMA) or associated 
with more generalized disease. The secondary disor- 
ders are easier to understand. They include 


esophagitis of infectious origin, chemical changes re- 
lated to reflux (endogenous), and disorders related to 
the ingestion of corrosives and foreign bodies (ex- 
ogenous). 

Without taking sides, the author fairly states one of 
the current controversies about surgical treatment of 
achalasia: should an antireflux procedure be per- 
formed concomitantly with myotomy? When the 
same issue is raised in reference to treatment of dif- 
fuse spasm (PDMA), however, he leaves little doubt 
that he favors the concomitant procedure. This re- 
viewer has some concern over whether PDMA is 
synonymous with diffuse spasm as other institutions 
might define it or whether it also includes vigorous 
achalasia as well as a variety of other motor disor- 
ders. 

Chapters dealing with scleroderma of the esoph- 
agus provide classic descriptions of that condition 
and the methods of management pioneered by the 
Toronto group. The section on disorders of the 
pharyngoesophageal junction will provoke much 
interest, especially the elucidation of cervical dys- 
phagia due to premature contraction of the 
cricopharynx caused by gastroesophageal reflux. The 
development of cervical dysphagia because of recur- 
rent laryngeal nerve paralysis remains unconfirmed, 
but it is possibly an important observation over- 
looked by others and shedding more light on the 
innervation and function of the cricopharynx. Other 
diverticula of the esophagus are dealt with conven- 
tionally. 

Written with clarity, well illustrated, and well doc- 
umented, Dr. Henderson's monograph is technically 
excellent; of equal importance, it is a provocative 
text. The expert will find some things to quarrel with 
and much to cause him to reassess his own preju- 
dices. The novice may experience some difficulty 
wading through a new classification even though its 
logic is well developed in the text. All will thoroughly 
enjoy and benefit from this fresh, authoritative look 
at motor disorders of the esophagus. 


Kochester, MN 
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many pacemaker patients. 

Nevertheless, for the many who could 
benefit from it...it's here as standard equip- 
ment. From Medtronic. 

For further information on the pacemakers 
covered by the Pacing for Life™ program, 
contact your Medtronic representative, or 
write or call Medtronic directly at 3055 Old 
Highway Eight, Minneapolis, Minnesota 
55418, (612) 574-4000. 


Af Meatronic 


Helping You Help 
The Pacemaker Patient 


* Pacing for Life Warranty™ will apply to the Mirel™VL pacemaker 
when it is available. 


Pacing for Life™ Xyrel* Mirel™ and Medtronic* are trademarks of 
Medtronic, Inc., Minneapolis, Minnesota USA. See disclosure state- 
ment on following page 

This program is available in the United States of America only 





MEDTRONIC* 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implontable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality for the 
control of heart rate. The patients age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the heart via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddles are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimately cease to function, 
and may fail at any time due to random com- 
ponent or battery failures which cannot be 
predicted priorto failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator /lead 
through skin, transvenous lead-related throm- 
bosis, embolism and cardiac tamponade. 





A Meatronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 





CONDUCTION CARDIOGRAPH/BUNDLE OF 
HIS DETECTOR/ automated-audible 
localization of cardiac conduction tissue/ 
myocardial ischemia/infarction and facilitated 
recording of HIS Bundle Electrograms 


For the 

cardiovescular surgeon 

concerned with . . . 

e congen tal cardiac repair 

e infarctectomy/ 
aneurysmectomy 

e revasc.larization 

e valve replacement 

e electrosurgery 


For the cardiologist 
concerned with . . . 

e HIS Bundle electrograms 
e arrhythmia studies 

e pacemeker selection 


For theinvestigator 

concerned with . . . 

e conduction-system 
electrochysiology 

e cardiac pharmacology 

e cardiac toxicology 


The CARDIO-PROBE 

includes... 

e an audible pacemaker to 
help es:ablish pacing 

ea conduction 
cardiograph, fully 
patient-isolated, tripolar 
probe included. Adjustable 
gain 40-500 Hz bandwidth 

e Bundle-of-HIS detector, 
with fixed alarm threshold 


References: 


Inputs include... 

both tripolar probe and 
tripolar catheter for flexibility 
in use 


Applications include. . . 

e localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 
ischemia/infarcts 

e mapping conduction 
pathways 

e recording HIS Bundle 
electrograms 





For more information, 
contact 


Seecor "inc. 


512 South Freeway 
Fort Worth, Texas 76104 
(817) 338-0451. 


Siegel, L., Mahoney, E. B., Manning, J. A., and Stewart, S.: An Audible Alarm System 
to Facilitate the Intraoperative Identification of Cardiac Conduction Tissue, The 
Journal of Thoracic and Cardiovascular Surgery, 68:241, August, 1974. 


Green, R., Siegel, L., Hill, A., DeWeese, J. A., and Stewart, S.: Regional Myocardial 
Infarction at Operation — An Automated System of Identification, Archives of 


Surgery, 110:1416, November, 1975. 


See the CARDIO-PROBE at Annual Meeting of 
American Heart Association, Booth H35 

















Preparation of Manuscript 


Ilustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


+ 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor’s name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
"how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 1*2" margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use the following style and Index Medicus journal abbreviations, and give complete publication 
data. Examples: 


Journal article: Munnell ER, Dilling E, Grantham RN, et al: Reappraisal of solitary bronchiolar 
(alveolar cell) carcinoma of the lung. Ann Thorac Surg 25:289, 1978 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Grillo HC: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1972, p 243 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for each illustration or grouped illustrations and number in 
sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
line drawing that contains no shading or wash can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Erratum, Ann Thorac Surg 
25:35, 1978). Authors are referred to these guidelines for appropriate terminology and methods of 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be provided at increased cost. 























Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 36, university trained 
in all aspects of cardiovascular and thoracic surgery, com- 
pleting additional fellowship in cardiovascular surgery, 
seeks position in group or association leading to partner- 
ship. Special interest in adult cardiac and peripheral vascu- 
lar surgery. Available July 1978. No geographic preference. 


Please respond to W-94, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 31, completing resi- 
dency in June 1978, at large medical center in New Jersey, 
desires position in thoracic and cardiovascular surgery. 
FLEX, ABS certified, FRCS(E). Will consider all geograph- 
ic locations. 


Please respond to W-98, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 38, Board certified, 
university trained, seeks association in group practice or 
partnership. Broad experience in all aspects of cardiac, vas- 
cular, and thoracic surgery in private and academic settings 
for more than 7 years. 


Please respond to W-102, The Annals of Thoracic Surgery 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, married, univer- 
sity trained, ABS and ABTS certified, seeks association with 
group or surgeon actively doing cardiac surgery. Com- 
prehensive experience in adult and pediatric cardiac sur- 
gery and thoracic and vascular surgery. Location flexible. 


Please respond to W-109, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





ABS-certified thoracic and cardiovascular surgery resident 
finishing training at University of California, Irvine, seeks 
association/partnership with active cardiothoracic group or 
academic appointment. Available July 1978. 


Please respond to W-117, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





A-AR 





Accredited cardiothoracic residency desired, July 1978. ABS 
certified, FACS, 6 years’ general surgery experience. 


Please sespond to W-122, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, ABS certified, ABTS 
training requirements recently completed, seeks position 
with greup or individual actively engaged in cardiothoracic 
surgery. No geographic preference. Available immediately. 


Please respond to W-123, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, seeks position 
with thcxzacic surgery group doing cardiac, pulmonary, and 
periphesal vascular surgery, leading to a partnership. ABS 
certified. completing Board-accredited residency in car- 
diovascuiar and thoracic surgery, June 1978. No geographic 
preference. 


Please respond to W-124, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 34, FLEX, ABS certified, ABTS eli- 
gible, trained in general surgery at University of Cincinnati 
Medical Center, compieting thoracic surgery residency at 
Wayne S:ate University Medical Center, interested in car- 
diac, thoracic, and vascular surgery and association with 
group or partnership. Available Sept 1, 1978. 


Please respond to Joseph Suckarieh, M.D., 23413 Edsel Ford 
Court, St Clair Shores, MI 48080. 





Cardiothoracic surgeon, 37, completing additional fellow- 
ship in casdiovascular surgery research, ABS and ABTS eli- 
gible, seexs association with group or partnership. 


Please respond to W-126, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 37, ABS and ABTS 
certified, seeks association with group or surgeon in private 
practice. Well trained in all aspects of adult and pediatric 
cardiovascular and thoracic surgery. One year's experience 
in practice. 

Please respond to W-127, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothogacic surgeon, 40, university trained, broad ex- 
perience :n adult and pediatric cardiac and thoracic and 
vascular surgery, seeks position in West or Midwest in solo 
or group practice leading to partnership. Presently in active 
cardiac surgery group with large volume. 


Please respond to W-128, The Annals of Thoracic Surgery, 
C-7173 Uriversity Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, thoracic residency 
completed. extra training in pediatric cardiac surgery, de- 
sires position. No geographic preference. Willing to work 
hard. 


Please respond to W-129, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


ol pe eed eee ene eee ne eee 
Cardiovascular and thoracic surgeon, 35, ABS and ABTS 
certified, married, university trained, in active cardiac, 
thoracic, amd vascular surgery practice at well-known mid- 
western climic, seeks relocation in private, group, or aca- 
demic practice. Strong clinical and academic background. 
All areas considered. 


Please respend to W-130, The Annals of Thoracic Surgery, 
C-7173 Un:versity Hospital, Ann Arbor, MI 48109. 























Cardiothoracic surgeon, 37, ABS and ABTS certified, uni- 
versity trained, PhD candidate with main interest in pul- 
monary physiology, seeks academic position or association 
in group practice with university affiliation. Currently 
completing military obligation. Available April 1979. Cur- 
riculum vitae and bibliography available on request. 


Please respond to W-131, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 38, ABS and ABTS 
certified, seeks position with group or surgeon actively 
doing cardiac surgery. Academic or private practice. Loca- 
tion flexible. 


Please respond to W-132, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 36, ABS and ABTS 
certified, university trained, well experienced, seeks 
association/partnership with active cardiothoracic surgeon 
or group. Available immediately. 


Please respond to W-133, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, 33, seeks position in 
private practice. Cardiothoracic residency completed at 
eastern medical center. Currently cardiac fellow at well- 
known midwestern clinic; will finish June 1979. 


Please respond to W-134, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Thoracic and vascular surgeon, Board eligible or certified, 
wanted by thoracic and vascular surgeon in eastern US. 
Practice limited to general thoracic and major arterial vascu- 
lar surgery. 


Please respond to A-67, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 40, well established 
in metropolitan southern city, actively seeking associate. 
Practice consists of cardiac, peripheral vascular, and 
thoracic procedures, and is based in two major hospitals. 
Academic affiliation available if desired. 


Please respond to A-68, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Vacancy for thoracic and cardiovascular surgeon, Board cer- 
tified or eligible, in large teaching hospital, new facilities in 
1979. Prefer interest in congenital and acquired cardiac sur- 
gery, noncardiac thoracic surgery, and related research. 
Professional corporation with full benefits. 


Please contact Chief, Section of Cardiothoracic Surgery, 
Department of Surgery, University of Kansas, College of 
Health Sciences and Hospital, 39th and Rainbow, Kansas 
City, KS 66103. An equal opportunity/affirmative action 
employer. 





A-39 


ierit 


Mature, certified thoracic/vascular surgeon needed to join a 
two-man group in central Florida, Practice limited to 
thoracic and vascular surgery. 


Please respond to James D. Moody, M.D., and Paul H. 
Sherman, M.D., 615 E Princeton, Suite 320, Orlando, 
FL 32803. 


Thoracic and cardiovascular surgeon wanted to join forty- 
man clinic in Midwest. Practice limited to thoracic, vascu- 
lar, and cardiac surgery. Board eligibility required. 


Please respond to A-71, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Fellowship in cardiac surgery available July 1, 1978, or Jan 
1, 1979. University program, congenital and acquired car- 
diac surgery. 


Contact: Robert Replogle, M.D., Director, Division of Car- 
diac Surgery, Michael Reese Hospital, 29th St and Ellis 
Ave, Chicago, IL 60616; tel: (312)791-3362. 


Opening for Board-certified or Board-eligible thoracic and 
cardiovascular surgeon with a thoracic and cardiovascular 
surgeon in solo private practice in Midwest. Association 
leading to partnership. Curriculum vitae needed before 
interview. 


Please respond to A-73, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Assistant desired for hospital-based cardiac surgery service 
in midwestern, metropolitan area. Medical school affilia- 
tion available. ABTS certification preferred, but eligibility 
will be considered. 


Please send curriculum vitae care of The Annals of Tho- 
racic Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 


Board-eligible, young cardiac surgeon wanted to join car- 
diac surgery practice in southern California. 


Please respond to A-75, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in pediatric cardiovascular and thoracic surgery 
available. One-year program beginning July 1, 1979, in- 
cludes emergency newborn surgery as well as elective 
closed and open cardiac procedures. 


Please send curriculum vitae to A-76, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Thoracic and cardiovascular surgeon, Board certified or 
eligible, recently trained, wanted to join group in part-time 
VÀ and private practice. Excellent research, teaching, and 
clinical opportunities. 


Send curriculum vitae to Joseph S. Carey, M.D., 629 E 
Hardy St, Inglewood, CA 90307; tel: (213) 673-1462. 


Chief of Thoracic and Cardiovascular Surgery wanted to 
serve as director of Wadsworth VA program, Los Angeles, 
and co-director of combined UCLA-VA residency program. 
Must be academically oriented individual skillful in all 
phases of adult cardiac surgery, with proven ability in basic 
research. Academic appointment and salary dependent . 
upon experience. | 


Please respond to Donald Mulder, M.D., Dept of Surgery, 
UCLA, Los Angeles, CA 90024; tel: (213) 825-0857. 
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WheÑa low S.M.I. 

starting flow rate is 

desired, the patient raises 

only the ball in the first chamber. 

The resting position.ef the second 

chamber Ball indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.I. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 
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ncenüve 
Deep-Breathing 
Exerciser 


The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 
and hypoxemia — major respiratory complications of 
abdominal and thoracic surgery? 


Triflo I! provides a unique, lightweight monitoring system 
for slow S.M.I. When used as directed, Triflo II supports 
...the most efficacious maneuver availablefor preventing 
and reversing alveolar collapse’? with minimal risk of 

... gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation’ 


Approximate measurement of patient progress can be 
made and recorded by charting volume inspired per 
second: light blue (600 cc/sec)*; medium blue 

(900 cc/sec)*; dark blue (1200 cc/sec)* 


The physician, therapist or patient can evaluate progress 
quickly and efficiently, at a glance. 


Triflo II is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
improvement through the use of the three chamber 
system. Lightweight, economical, compact, easy to 
assemble, easy to use. ..requires minimum instruction, 
minimum supervision...ideal in the hospital or at home. 


References: 

Latimer RG, Dickman M, Day WC, et al: Ventilatory patterns and pulmonary complications after 
upper abdominal surgery determined by preoperative and postoperative computerized spi- 
rometry and blood gas analysis. Am J Surg 122:622-632, 1971. 

Bartlett RH, Gazzaniga AB, Geraghty TR: Respiratory maneuvers to prevent postoperative 
pulmonary complications: a critical review. JAMA 224:1017-1021, 1973 

Demers RR, Saklad M: The etiology, pathophysiology, and treatment of atelectasis. Respiratory 
Care 21:234-239, 1976. 


Available through select Chesebrough Ponds Inc. 





ANTISEPTIC 
SECURITY 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient...promptly 
achieves full microbicidal effect with 
each usage... (inthe rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...active inthe presence 
of blood, pus and serum...help 
maintain postoperative antisepsis when 
applied to incisions. 





Purdue Frederick 


©COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7982 165175 


BETADINE 
Microbicides 


broad-spectrum 
topical microbicides 
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...we’ve been listening 


Functional performance considerations such as consistent gas transfer, 

heat exchange and defoaming have always been our highest objectives, and to 
insure consistently excellent performance case after case, we performance-test 
oxygenators from every lot we ship. 


There are many new, yet-to-be-proven oxygenators on the market. The most proven, 
un-new oxygenator that will give you consistent total performance is the Shiley 100A 


Shiley Sales Corp. 


= 17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0504 


(800) 854-3683 


an integral member of the open heart team Cable: SHILEYSLSIRIN 
Telex: 68-5585 


Mailing Address: 
“Patents 4,065,264 & 4,067,696 — 2 P.O. Box 11707 





Shiley BY 100 
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Whefaa low S.M 1. 

starting flow rate is Re 

desired the patient raises 

only the Ball in tne first chamber. 

The resting position of the second 

chamber fall indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.I. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 
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“...gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation’? 
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One of Holland’ 


greatest discoveries came 
from a medical genius. 


| 'otto mention 
a great baritone. „ss 


[n time, he might well have become one of the finest vocal 
virtuosos in all of Europe. 

But Karel Frederick Wenckebach heard the beat of a 
lifferent drum. Medicine. 

And with the help of his exceptional sense of musical 
‘hythms, went on to unravel the mysteries of arrhythmia. 

Of course, great music isn’t performed haphazardly. It 
akes a systematic approach. And so did Wenckebach's 
liscoveries. 

Today, Vitatron is just as dedicated to the principles of a 
systematic approach to cardiac pacing. 

For instance, our new 4000 Series pulse generators, 
he smallest and lightest in our history. Extremely low current 
irain. And all-titanium, no epoxy construction. 

Then there's our progressive electrode designs. Like 
Helifix.* It actually lets you twist its unique helical coil into the 
rabeculae for positive, secure fixation. 

The Vitatron non-invasive analyzer lets you measure all 
important pulse parameters, including relative stimulation 
threshold. Quickly. Accurately. 

An incredibly sophisticated testing instrument, our new 
Vitatest lets you make intracardial measurements like stimula- 
tion threshold and QRS strength. With uncanny accuracy. 

Finally, there's our MEP 300 external pacer. A remark- 
able pulse generator for asynchronous pacing, on-demand and 
R-wave synchronous pacing. It's quick, simple, highly reliable 
and amazingly stable. 

A totally systematic approach. It works in music. It 
works in pacing. At Vitatron, we are committed to the system 
approach. Because, above all, we know it can work for you. 

For a brochure explaining the Vitatron pacing system 
concept, write Vitatron Medical, Inc., One Gateway Center, 
Newton, MA 02158. In Europe: Vitatron Medical b.v., P.O. 
Box 76, Kanaalweg 24, Dieren, The Netherlands. 


*Patent No. 4,026,303 
© 1978 Vitatron Medical, Inc. 
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SUCCESS story... 


3ecause CPI is the leader 
IN pacemaker reliability, 
Sanford Levine and 

nore than 50,000 others 
can face the future 

with confidence. 


Over 50,000 CPla pacemakers implanted with a record 

of unmatched reliability...a history of success that enables 
3 dynamic corporation executive like Sanford Levine 
ge his life and his companys future without missing 

1 beat. 

_ike thousands of patients and physicians all over the 
Norld, he has every reason to place his confidence in CPI— 
he company with more successful clinical experience 

han any other lithium pacemaker manufacturer. 


since marketing the first successful lithium pacemaker 

n 1972, CPI has continued to pioneer research and 
Jevelopment of new and improved pacing technology 
-rom the beginning, CPI has demanded exceptionally 
sophisticated testing and exacting quality assurance 
9rocedures as well as advanced manufacturing methods. 
And because CPI makes it their business to set industry 
standards for product reliability, Sanford Levine will probably 
>e playing a vital role in his company for years to come. 


At CPI, people believe that commitment to technological 
orogress and a priority on product reliability are absolutely 
essential because lives literally depend on them. By 
olacing emphasis on providing products that physicians 
3nd patients can have utmost confidence in, CPI has 
established an enviable reputation for consistent reliability 
that's reflected by vigorous corporate growth. 


CPI has the kind of record a successful executive 
ike Sanford Levine can understand and rely on— as a 
businessman and as a human being 
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Santord Levine, Senior Vice 
President and Director of Kaufman 
and Broad, Inc., a multi-national 
homebuilding corporation based in 
Los Angeles, is actively involved in 
his company after a CPI Microlith.-P 
was implanted to replace his 
previous pacemaker. `I find that | am 
not even aware of my CP! pacemaker, 
Levine says. ‘The company s 

record for reliability with pacemakers 
has given me peace of mind. 
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Argyle sets the standard... nine out of ten disposable chest tubes usec 
are Argyle catheters. Thin-wall Argyle catheters, made of thermo 
sensitive, non-porous, non-pyrogenic, transparent vinyl, have satin 
smooth eyes and tips. Packaged sterile in sturdy Rigidpaks. 


For added convenience and safety, use Argyle catheters 
with Argyle "Double-Seal""" chest drainage unit, shown else- 
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studies to determine the causative organisms 
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taken prior to the first dose of antibiotic.t And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
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priate antibiotic. 


Rapid penetration 
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intramuscular administration. Penetrates body tissues 
in high concentrations and diffuses well into pleural, 
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Disc Susceptibility Tests: Quantitative methods that require mea- 
surement of zone diameters give the most precise estimates of anti- 
biotic susceptibility. One such procedure" has been recommended 
for use with discs for testing susceptibility to penicillinase-resistant 
penicillin-class antibiotics. Interpretations correlate diameters on the 
disc test with MIC values for penicillinase-resistant penicillins. With 
this procedure, a report from the laboratory of “susceptible” indi- 
cates that the infecting organism is likely to respond to therapy. A 
report of “resistant” indicates that the infecting organism is not 
likely to respond to therapy. A report of "intermediate susceptibil- 
ity" suggests that the organism would be susceptible if high dosage 
is used, or if the infection is confined to tissues and fluids (e.g, 
urine) in which high antibiotic levels are attained. 

"Bauer, AW., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by 
a Standardized Single-Discs Method, Am. J. Clin. Pathol, 45:493, 1966; Stan- 
dardized Disc Susceptibility Test, FEDERAL REGISTER 37:20527 29, 1972. 


Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase- producing staphylococci, 
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lococcal infection is suspected. (See Important Note below.) 
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G-resistant and penicillin G-sensitive staphylococci. H the bacteriology 
report later indicates the infection is due to an organism other than a 
penicillin G-resistant staphylococcus sensitive to Unipen, the physi- 
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any other penicillinase-resistant semisynthetic penicillin. 

Recent studies have reported that the percentage of staphylococ- 
cal isolates resistant to penicillin G outside the hospital is increas- 
ing, approximating the high percentage of resistant staphylococcal 
isolates found in the hospital. For this reason, it is recommended 
that a penicillinase-resistant penicillin be used as initial therapy for 
any suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar to 
that of Unipen against penicillin G-resistant staphylococci. Strains of 
staphylococci resistant to methicillin have existed in nature and it is 
known that the number of these strains reported has been increasing. 
Such strains of staphylococci have been capable of producing serious 
disease, in some instances resulting in fatality. Because of this there is 
concern that widespread use of the penicillinase-resistant penicillins 
may result in the appearance of an increasing number of staphylococ- 
Cal strains which are resistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all other 
penicillinase-resistant penicillins (cross-resistance with cephalosporin 
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After mixing, the oral solution must be stored in a refrigerator. 
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Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg, 
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When raconstituted as recommended, the contents of each vial pro- 
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equivaient to 250 mg nafcillin buffered with calcium carbonate. FOR 
ORAL SOLUTION --Bottle of dry nafcillin sodium as monohydrate— 
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EDITORIALS 


Needle Biopsy of the Lung 


Peter G. Herman, M.D. 


In this issue of the Annals (p 399), Sagel and 
co-workers report their experience with 1,211 
patients who underwent aspiration needle bi- 
opsy. An accurate diagnosis was obtained in 
more than 9096. The only significant morbidity 
associated with the procedure was pneu- 
mothorax, which occurred in 24% of the pa- 
tients. But only 14% of them required chest 
tube drainage. The results of the study are in 
essential agreement with those of other reports 
[5, 6] and with the results of a nationwide sur- 
vey conducted over the 2-year period 1974 
through 1975 [3]. 

Most of the reported series, including this 
one, deal primarily with suspected neoplastic 
diseases; the diagnostic yield in inflammatory 
conditions is not as extensively documented. 
The available data indicate, however, that a cor- 
rect causative diagnosis for inflammatory dis- 
eases can be made in approximately 8096 of pa- 
tients. In the presence of cavitary lung disease, 
this figure is perhaps slightly higher. 

The radiographic detection of an unexpected 
pulmonary abnormality often poses a difficult 
diagnostic dilemma, particularly if the lung le- 
sion cannot be related to any past or current 
illness. This is true both for focal lung disease 
and disseminated pulmonary diseases. The 
management of these patients depends to a 
large extent on a priori judgment as to the 
most likely causative factor. In the presence of a 
solitary mass or infiltrate, if primary lung 
cancer is clinically suspected, surgical excision 
of the lesion is considered both diagnostic and 
therapeutic. 

The role of needle biopsy of the lung in pa- 
tients whe are potentially good surgical candi- 
dates is not clearly defined. In these patients, 
the risks of operation have to be weighed 
against the risk of missing the diagnosis by 
closed biopsy. Other risks of needle biopsy, in- 
cluding the likelihood of spreading the neo- 
plastic or inflammatory disease, are apparently 
From the Department of Radiology, Harvard Medical School 


and Peter Bent Brigham Hospital, 25 Shattuck St, Boston, 
MA 02115. 


almost negligible. In a yet unpublished series 
cited by Fraser and Paré [2] of 300 consecutive 
lung biopsies in patients with focal pulmonary 
abnormality, there were no false-negative er- 
rors. If this or a similarly high degree of accu- 
racy can be achieved, percutaneous biopsy in 
most patients with suspected lung cancer can 
be justly advocated. Needle biopsy of the lung 
will not only reduce the number of unneces- 
sary thoracotomies, but in addition advanced 
knowledge of cell type can change the treatment 
plan. The preoperative diagnosis of lung cancer 
can modify the extent of staging procedures. 

In numerous clinical situations, it is un- 
likely that the removal of the lung lesion will be 
therapeutic. In patients with advanced neo- 
plastic disease or an infectious disease as well 
as in a rather sizable group with interstitial 
lung disease of obscure etiology, thoracotomy 
serves a diagnostic purpose only. In these pa- 
tients, closed lung biopsy may play an impor- 
tant role provided it is accurate and carries a 
low risk. 

A clear consensus concerning the relative 
merits of tissue-core needle biopsy and aspira- 
tion lung biopsy has not evolved. Often aspira- 
tion biopsy specimens contain small tissue 
fragments that can be used for histological ex- 
amination. Even with tissue fragments, the 
cellular aspirates have the same diagnostic yield 
as the tissue samples [3]. The histological 
categorization, however, is much easier if a tis- 
sue core is available. A special type of core bi- 
opsy that utilizes a high-speed drill (trephine) 
has the advantage of providing a fairly large 
and nondistorted tissue sample. The morbidity 
and the mortality of the drill biopsy, however, 
is probably higher than that of other needle bi- 
opsy methods. In general, cutting needle core 
biopsies will have higher morbidity and mor- 
tality but essentially the same diagnostic accu- 
racy as aspiration biopsies; therefcre, the 
former have a competitive advantage. 

A successful needle biopsy program requires 
close cooperation between the physician who 
performs the procedure and the cytologist and 


395  0003-4375/78/0026-0501$01.00 © 1978 by Peter G. Herman 


396 The Annals of Thoracic Surgery Vol 26 


microbiologist who make the definitive diag- 
nosis. 

In disseminated pulmonary diseases, aspira- 
tion biopsy plays no notable role. Transbron- 
chial biopsy, on the other hand, is reported to 
be quite accurate primarily in the diagnosis of 
sarcoidosis [4]. In disseminated lung diseases, 
however, open lung biopsy permits more pre- 
cise pathological classification. Apparently, 
histological distinction among various intersti- 
tial pneumonias, important for both prognosis 
and treatment, is not feasible from a small tis- 
sue sample [1]. 

Because of the high diagnostic accuracy and 
rather low morbidity, fluoroscopically-guided 
needle aspiration biopsy of the lung seems to 
be the procedure of choice for the diagnosis of 
focal pulmonary disease. Tissue-core needle bi- 
opsy will have a similar accuracy and only a 
slightly increased morbidity if performed with 
small-caliber cutting needles. It is important to 
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emphasize, however, that closed lung biopsy 
procedures must be tailored to the specific 
clinical problem, taking into consideration the 
institutional resources and experience. 
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Expanding the Horizons 


of Circulatory Assistance in Humans 


Eugene F. Bernstein, M.D. 


Continuing efforts to develop more effective 
circulatory assistance devices have evolved to 
such a point that two groups of investigators— 
one in Boston (page 427, this issue) and one in 
Houston [2]—are currently evaluating the abil- 
ity of these instruments to increase the survival 
of critically ill patients unable to be weaned 
from the heart-lung machine after application 
of all other conventional forms of management. 
While long-term human salvage from these 
trials has been meager to date, it is already clear 
that the left ventricular bypass systems offer a 
substantial increment in assistance over the in- 
traaortic balloon and other counterpulsation 
devices. In view of their ability to create and 
maintain a normal cardiac output and blood 
pressure, these systems appear likely to find a 
useful place in the treatment of desperately ill 
patients. The present trials should help deter- 
mine the relative indications and contrain- 
dications for the use of such techniques, the 
duration of assistance required for adequate 
support, and the point beyond which none of 
the current temporary assistance techniques 
will be of clinical value. 

The report by Bernhard and associates in this 
issue provides impressive documentation of 
the advanced and sophisticated technology that 
has recently become available for paracorporeal 
left ventricular bypass. The pioneering work of 
Dr. Bernhard’s group in experiments with these 
devices (currently up to Model XI) and the 
demonstrated progressive improvements in the 
blood-contact surface material are impressive 
indeed. The present blood-contact pump lin- 
ing is made with fibrils that are overcoated to 
prevent their embolization. The goal of this ap- 
proach is to encourage local thrombus forma- 
tion limited to the depth of the fibrils. How- 
ever, other investigators [3-5], including our 
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own group [1], question the usefulness of this 
technique. They favor smooth linings that dis- 
courage the initial adhesion of blood proteins 
and formed elements, and the subsequent de- 
velopment of clot. Successful bovine experi- 
ments with smooth-surfaced ventricles have 
been documented and offer a number of ad- 
ditional acceptable alternatives for blood- 
contact surface materials [3—5]. Nevertheless, 
both approaches currently have evolved to the 
point that animal implantations may be carried 
out for periods of months. 

The striking hematological data from Bern- 
hard’s long-term calf experiments document 
the tolerance of this animal to continued 
pumping without undue blood destruction. 
Most impressive are the studies demonstrating 
normal erythrocyte and platelet survival times! 
On the other hand, late specimens of the artifi- 
cial ventricle do demonstrate remarkable thick- 
ening in zones of disturbed fluid dynamics, 
including calcium deposition. These changes in 
the long-term calf model are in clear contrast to 
those found in devices exposed to human blood 
for periods up to eight days, in which very thin 
fibrin and cellular coatings were observed. 
Since the bovine species tends to deposit fibrin 
to a greater degree than does the human in 
areas of disturbed flow, further long-term 
studies of the body’s reaction to ventricular as- 
sist surfaces must be undertaken in an appro- 
priate species (primate). The calf is usually se- 
lected for evaluation of most circulatory assist 
devices on the basis of its hemodynamic and 
anatomical analogy to the human, but longer- 
term trials now appear to warrant the use of 
experimental animals that more closely mimic 
the human in response to artificial blood- 
contact materials. 

Not only must species differences in the 
fragility of blood elements and fibrin deposi- 
tion be considered in transferring information 
from bovine implants to human trials, but also 
the difference between experiments involving a 
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normal animal heart and the multiple clinical 
problems associated with a severely diseased 
human myocardium must be understood in 
defining the future place of both short- and 
long-term ventricular assistance techniques. 
Clearly, requirements for future studies in this 
area must include the acquisition of additional 
patient experience with gradually broadened 
treatment criteria, experience with a more 
analogous animal model with severe degrees of 
imposed myocardial disability, and the de- 
velopment of suitable methodology for biven- 
tricular assistance, to deal with the serious 
problem of right ventricular failure, which has 
been documented in a significant fraction of 
patients previously thought to be candidates for 
simple left ventricular bypass. Nevertheless, 
rapid progress has been made in this field in 
the last several years, and clinically useful ap- 


plicat.ons appear to be on the near-term hori- 
zon. 
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ORIGINAL ARTICLES 


Percutaneous Transthoracic Aspiration Needle Biopsy 


Stuart S. Sagel, M.D., Thomas B. Ferguson, M.D., John V. Forrest, M.D., 
Charles L. Roper, M.D., Clarence S. Weldon, M.D., and Richard E. Clark, M.D: 


ABSTRACT An experience based on 1,211 patients 
has shown aspiration needle biopsy to be a valuable 
technique for diagnosing bronchogenic carcinoma 
and other localized intrathoracic lesions that are be- 
yond the reach of the fiberoptic bronchoscope. In 896 
patients with malignant intrathoracic neoplasm, the 
aspirate demonstrated malignant cells in 9696. A 
false cytological diagnosis of carcinoma occurred in 2 
patients, for a true positive rate of 99%. However, 
the true negative rate was only 87%. In 77% of 31 
immunosuppressed patients, the causative agent of a 
focal infectious process was diagnosed. Pneumo- 
thorax was the only notable complication, occurring 
in 2496 of patients, with 1496 requiring chest tube 
drainage. 

The procedure is relatively simple and rapid, gen- 
erally causes little patient discomfort, and can be 
performed in virtually any hospital. 


While the chest radiograph is a sensitive 
method for detecting pulmonary pathology, it 
usually lacks the specificity required for etio- 
logical diagnosis and treatment planning. The 
determination of the cause of a pulmonary 
nodule, mass, or focal infiltrate remains a com- 
mon clinical problem generally requiring 
cytological, histological, or microbiological 
studies. Percutaneous lung puncture has been 
used as a diagnostic technique since the late 
nineteenth century, but the lack of adequate vi- 
sual control and proper equipment can lead to 
major complications. During the last decade, 
interest in the contribution of percutaneous 
aspiration needle biopsy has been acceler- 
ated by the high degree of diagnostic accuracy 
made possible by television-monitored fluoros- 
copy, improved needles, and advanced cyto- 
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pathological techniques [2]. The failure of this 
procedure to spread widely, especially to non- 
university hospitals, has been discouraging to 
its proponents. Our purpose is to emphasize 
the simplicity, rapidity, safety, and high diag- 
nostic accuracy of the technique. 


Materials and Method 

During the past 51⁄2 years, 1,211 patients, 
ranging from 15 to 91 years old, have under- 
gone percutaneous transthoracic aspiration 
needle biopsy at the Mallinckrodt Institute of 
Radiology. The overwhelming majority of pa- 
tients were referred for consultation from the 
Division of Cardiothoracic Surgery and the 
Pulmonary Medicine Service of Barnes Hospital 
when the cause of a persistent localized pulmo- 
nary mass or infiltrate remained undiagnosed 
by conventional modalities, such as sputum ex- 
amination and culture, bronchoscopy, and se- 
rological studies. 

The complete technique of pulmonary aspira- 
tion needle biopsy has been described in detail 
previously [10] and will be only summarized 
here. That the procedure is easily learned and 
accomplished, rarely takes longer than fifteen 
minutes to perform, and requires no complex 
equipment or devices deserves emphasis. 
Testing for a bleeding diathesis is done by a 
coagulation laboratory survey in the cachectic 
cancer suspect or the immunosuppressed pa- 
tient before proceeding with the biopsy. 
Premedication is usually unnecessary. If the 
patient is particularly apprehensive despite re- 
assurance given while obtaining informed 
consent, Valium (diazepam) is administered 
before aspiration. In patients with severe pain 
before biopsy (e.g., those with a tumor of the 
superior sulcus), use of narcotic analgesia 
facilitates performance of the procedure. 

Following localization of the lesion by chest 
radiography and fluoroscopy, the patient is 
placed on a fluoroscopic table in the position 
that permits the most direct needle access. In 
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general, this is either the supine or prone posi- 
tion. With a lesion near the lateral chest wall, 
the patient may be placed in a lateral decubitus 
position; and with a lesion located just above 
the hemidiaphragm, a rare finding, an upright 
attitude is used. 

Under fluoroscopic control, a point on the 
skin, usually one directly overlying the lesion, 
is marked. The patient’s skin is cleansed, the 
puncture site is infiltrated with local anes- 
thesia, and a small skin and subcutaneous tis- 
sue stab incision is made with a scalpel blade 
before the needle is introduced. With intermit- 
tent fluoroscopy to aid straight passage, the tip 
of the aspirating needle is advanced to the ap- 
propriate depth. This is gauged either by esti- 
mation from previous chest radiographs or to- 
mograms or both, or by inserting the tip until a 
change in consistency of the lung is felt. The 
relationship between the needle tip and the le- 
sion is monitored by having the patient breathe 
shallowly. Sometimes it is necessary to turn the 
patient slightly to better ascertain that the nee- 
dle tip abuts the lesion. A television-monitored 
single-plane image intensification fluoroscopy 
(preferably with an over-the-table tube) is re- 
quired. Such readily available equipment al- 
most always suffices for needle localization. 

We generally use an 18-gauge Turner- 
modified aspirating needle [17].* The sharp 
outer cannula of this needle permits larger 
- fragments of tissue to be obtained than do 
similar gauge spinal needles. Harvest of these 
tissue fragments increases the incidence of spe- 
cific histological diagnosis over cytological 
techniques alone. With the needle tip posi- 
tioned adjacent to the lesion, the internal stylet 
is removed, and a 10-ml syringe is quickly at- 
tached to the needle hub. With the application 
of continuous suction, the needle tip is moved 
back and forth over a 0.5- to 1.0-cm distance 
several times, using a jabbing and rotating mo- 
tion through the lesion. Then the needle is 
withdrawn. Suction is released and the aspi- 
rated material is flushed into a sterile balanced 
electrolyte solution (Polysal). If a small core of 
tissue is identified, it is transferred to 1096 for- 
malin solution for subsequent histological 


* Available from Cook, Inc, Bloomington, IN 47401. 


study. The number of lung punctures is vari- 
able, usually ranging from 1 to 5 per patient. 
The procedure is repeated as many times as 
necessary until small tissue fragments can be 
seen in the solution. This material is sent for 
appropriate pathological (cytology and cell 
block) or microbiological studies or both. After 
the biopsy procedure, a frontal upright expira- 
tion chest radiograph is made to evaluate for a 
complicating pneumothorax. 

If pulmonary neoplasm is suspected and if 
the samples from the initial procedure are 
negative, a second biopsy procedure is per- 
formed, either the same day or the following 
morning. An attempt is made to sample from 
different parts of the lesion. If no malignant 
cells are detected on only one biopsy attempt in 
patients in whom the suspicion of carcinoma is 
high, the study should be considered techni- 
cally incomplete. If a pneumothorax occurs after 
the first biopsy procedure, a chest tube is in- 
serted before the procedure is repeated. The 
presence of the chest tube permits aggressive 
sampling on the second biopsy since the major 
potential complication of pneumothorax has 
been removed. 


Results 

Diagnostic Accuracy 

Aspiration needle biopsy of a localized intra- 
thoracic mass or infiltrate was performed in 
1,153 patients in whom cancer was a clinical 
consideration. Of these patients, 896 had a 
malignant intrathoracic neoplasm as evidenced 
by either surgical proof or postmortem exam- 
ination (281 patients) or by strong clinical con- 
firmation with at least a six-month follow-up 
(615 patients). In this group of 896 patients, 775 
had a primary lung neoplasm and 121 had 
metastatic lung or pleural tumors. One aspira- 
tion procedure provided malignant cells in 87% 
of patients (783 out of 896) with intrathoracic 
cancer; the yield of malignant cells rose to 9696 in 
patients who underwent two procedures (858 
out of 896 patients). Of the 858 patients for 
whom a positive diagnosis was obtained, 75 
required a second biopsy for diagnosis. For this 
reason, one negative procedure is considered 
an incomplete diagnostic test in the cancer sus- 
pect. A positive diagnosis was achieved in all 
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31 patients with a superior sulcus (Pancoast’s) 
tumor. 

A false positive diagnosis of carcinoma was 
made in 2 patients subsequently found to have 
active focal tuberculosis. The squamous meta- 
plasia surrounding these lesions was misinter- 
preted on cytological preparations as caused 
by neoplasia. While the sensitivity (true posi- 
tive rate) in diagnosing malignant neoplasm 
by aspiration needle biopsy was extremely 
high (99% or 858 out of 860 patients) in our 
series, the specificity (true negative rate) was 
only 87% (255 out of 293 patients). Thus a 
finding of "no malignant cells" should not be 
construed as conclusive proof of the absence of 
malignancy. The diagnostic accuracy of aspira- 
tion needle biopsy in malignant neoplasm was 
96.5% or 1,113 out of 1,153 patients. 

Granulomatous infection was diagnosed in 
19 circumscribed lesions by aspiration needle 
biopsy technique. The initial smear from the 
aspirate showed histoplasmosis organisms in 2 
lesions and acid-fast bacilli (Mycobacterium 
tuberculosis} in 2. In the remaining 15 lesions, M. 
tuberculosis (10), atypical mycobacterium (2), 
cryptococci (2), and blastomyces (1) were recov- 
ered from culture. Three of these 15 lesions dis- 
closed fibrous tissue or Langhans’ giant cells or 
both on histological examination of the aspi- 
rated material. These findings emphasize that 
in the patient with an indeterminate nodule, it 
may be worthwhile to wait several weeks for 
culture results before a management decision is 
made. 

Two subpleural lipomas and 2 pericardial 
cysts were correctly diagnosed by aspiration 
needle biopsy by findings of abundant fat cells 
or cytology negative clear fluid, respectively. 
However, the recent introduction of computed 
tomography [6] could obviate the use of this 
invasive technique for these types of lesions. 

In 31 immunosuppressed patients in whom a 
focal pneumonic infiltrate was aspirated, cul- 
tures from 24 showed an infectious agent. In 11 
of these patients, a stained smear of the aspirate 
disclosed the causative bacterial or fungal 
agent. A variety of unusual organisms in addi- 
tion to the usual bacteria were retrieved. This 
accuracy rate of 77% may be spuriously low since 
no organism was found in cultures from several 


patients receiving concomitant antibiotic ther- 
apy in whom the pneumonic infiltrate resolved. 


Complications 

No deaths attributable to the procedure oc- 
curred in our series. One patient sustained a 
nonfatal myocardial infarction immediately 
following the procedure. 

Pneumothorax was by far the most common 
complication, developing in 292 (24%) of our pa- 
tients. The risk of pneumothorax rose substan- 
tially when emphysema or lesions deep within 
the lung or both conditions were present. Chest 
tube drainage was required in 167 patients (14%), 
usually for a period of 24 to 48 hours. However, 
5 patients with severe bullous emphysema 
needed sustained drainage for 7 to 10 days be- 
fore the air leak closed. The clinician must 
carefully weigh this possibility of prolonged 
patient discomfort against the advantages of a 
specific tissue diagnosis when evaluating such 
a patient. Conversely, chest tube drainage was 
required in less than 5% of patients who were 
less than 40 years old. 

Transient minor hemoptysis occurred in 73 
patients (6%). With the aspirating needle, sub- 
stantial pulmonary hemorrhage was never a 
problem requiring special management. Chest 
radiographs made after biopsy revealed minor 
bleeding around the aspirated lesion in 48 pa- 
tients (4%); these infiltrates always resorbed 
spontaneously within a week. A small asymp- 
tomatic pleural effusion (presumably a hemo- 
thorax) developed in 6 patients (0.5%). Inci- 
dental puncture of the pulmonary artery or 
thoracic aorta (including two tumorlike aneu- 
rysms) occurred on several occasions, without 
producing symptoms or requiring therapy. In 
general, such incidents can be avoided by 
careful planning of the puncture approach. 

No instances of massive intrapulmonary 
hemorrhage or of spread of infection to the 
pleural space resulting in an empyema were en- 
countered. Nor were local or systemic flares 
recognized following aspiration of an inflam- 
matory process. To our knowledge, aspiration 
needle biopsy did not result in needle track im- 
plantation of tumor cells in any patient. Air 
embolism, another rare but life-threatening 
complication, also did not occur. With proper 
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precautions, this complication should be 
avoidable. It is mandatory that the needle hub 
not be left open to the atmosphere for any 
length of time following withdrawal of the 
stylet. With our technique, this hole is tem- 
porarily covered by the thumb before the 
syringe is attached. 


Comment 

Percutaneous transthoracic fine-needle aspira- 
tion biopsy is a highly accurate method of 
diagnosing fluoroscopically visible pulmonary 
neoplasms and infectious infiltrates beyond the 
reach of the fiberoptic bronchoscope. The tech- 
nique deserves wider acceptance and use be- 
cause it is easily performed and the traditional 
concerns have not been substantiated by critical 
analysis. 

Most previously reported cases of needle 
track implantation occurred either when large 
cutting needles were used or in patients with 
far-advanced neoplasms in whom tumor seed- 
ing had no effect on their management [19]. Re- 
cent experimental studies demonstrate the very 
low probability of tumor spread following aspi- 
ration needle biopsy [3]. Corroborating clinical 
evidence exists in the miniscule incidence of 
tumor implantation reported from the largest 
patient series [14]. We believe there is little rea- 
son to fear transformation of a curable lesion 
into an incurable one by aspiration needle bi- 
opsy. 

The clinical impact of aspiration needle bi- 
opsy can be shown by the fact that only 19% of 
patients undergoing this procedure in our se- 
ries eventually underwent thoracotomy, with 
the majority of operations performed for treat- 
ment rather than diagnosis. Most of the pa- 
tients had multiple diagnostic procedures, in- 
cluding, at least, analysis of sputum specimens 
and bronchoscopy, before needle aspiration. 
Presumably, many more would have under- 
gone diagnostic thoracotomy if needle aspira- 
tion biopsy was not available. 

Our results in diagnosing lung cancer, except 
for the differentiation of cell type, are as good as 
the best series using a cutting needle [5]. Simi- 
` lar success rates have been reported by others 
[9, 11-13, 20]. The distinction between an as- 
pirating needle and a cutting biopsy needle 


cannoli be overemphasized. While the cutting 
needle provides a larger core of tissue for his- 
tological analysis, it is far more hazardous and 
far moze likely to cause marked intrapulmonary 
hemor-hage, which at times may be fatal [4, 8]. 

Our cytopathologist can usually distinguish 
oat cell carcinoma, malignant melanoma, and a 
few otner rare malignant lesions, but for most 
patients the pathological report reads simply 


“malignant cells present.” In the overwhelming 


number of patients, the lack of a specific cell 
type is usually not of therapeutic importance. 
Clearly, the results achieved by aspiration nee- 
dle biopsy are dependent upon the expertise of 
the cytopathologist. But the lack of accurate 
cytological services in a hospital is not an in- 
surmotuntable problem since techniques are 
availab.e for cell preservation before transpor- 
tation t consultative laboratories. 

Aspiration needle biopsy is used frequently 
in our medical center. It is a valuable technique 
for ascertaining the cause of a persistent 
localizec pulmonary mass or infiltrate undiag- 
nosed by conventional modalities, such as 
sputum examinations and culture, bronchos- 
copy, aad serological studies. It is particularly 
valuable with lesions in the middle third or 
periphery of the lung that cannot be reached 
with tre fiberoptic bronchoscope [1, 7], al- 
though biopsies of undiagnosed central lesions ' 
(including hilar lymph nodes) can be done with 
this technique. A point deserving emphasis is 
that aspiration needle biopsy has no role in 
providing a tissue diagnosis of diffuse lung 
disease; histological specimens are much better 
obtained by transbronchial lung biopsy through 
the fiberoptic bronchoscope or by thoracot- 
omy. 

There are several specific indications for aspi- 
ration n2edle biopsy. 


1. Pulmonary mass or masses in a patient un- 
suitable for curative thoracotomy because of 
metastatic disease or a severe associated medi- 
cal diso-der, in whom definitive tissue diag- 
nosis is required before the institution of ra- 
diotherapy or chemotherapy. At times, the 
clinician may merely wish to confirm a strong 
suspicion of lung neoplasm in order to offer the 
patient or his family a more definitive diag- 
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nosis and prognosis, without any therapeutic 
objectives. A rare instance in which needle as- 
piration bicpsy may be considered a more 
primary investigative tool, preceding or 
supplanting bronchoscopy, is in the patient 
with suspected superior sulcus tumor. In such 
patients the diagnostic yield has been exceed- 
ingly high and the risk of pneumothorax low 
[18]. 

2. Suspected localized pneumonic infiltrate in 
an immunocompromised patient, or a worsen- 
ing pneumonia in a patient despite antibiotic 
therapy. Obtaining a specific microorganism is 
particularly important in the immune-deficient 
individual because of the large variety of op- 
portunistic infectious agents that may be re- 
sponsible for the infiltrate. Needle aspiration of 
the localized pneumonic infiltrate usually can 
provide direct (without contamination by the 
upper respiratory tract flora) identification of 
the causative agent. 

3. Solitary undiagnosed pulmonary lesion. In 
a patient who is a marginal surgical candidate, 
a positive diagnosis of carcinoma may convince 
both the patient and the referring physician 
that thoracotomy is warranted despite the risks 
entailed. In the patient with known systemic 
malignancy (e.g., Hodgkin’s disease), differ- 
entiation of neoplastic pulmonary infiltration 
from a pneumonic process is usually possible. 
An area of controversy is the patient with a 
solitary undiagnosed pulmonary nodule and no 
contraindications to thoracotomy. We believe 
that aspiration needle biopsy can play a valu- 
able role in many of these patients, but do not 
advocate this technique for every such lesion. 
In certain situations when the clinical history or 
roentgenographic findings strongly suggest 
malignancy (e.g., a 50-year-old male smoker 
with an irregular expanding lesion), it is not 
unreasonable to proceed directly to thoracot- 
omy. However, there is a definite advantage 
in establishing a precise diagnosis in many 
patients before resorting to thoracotomy. Only 
about 4096 of peripheral pulmonary nodules 
that are operated on prove to be malignant, 
and a definable postoperative morbidity and 
mortality can be expected [16]. 


A positive preoperative diagnosis of malig- 


nancy may expedite and simplify the operative 
approach. Also, ascertaining the cell type of 
suspected malignant lesions when possible is 
worthwhile since resection of a small cell car- 
cinoma will almost always prove futile [15]. 

If a diagnosis of granuloma is achieved (by 
histology, smear, or culture), an operation can 
be avoided. Positive identification of a benign 
lesion, however, is usually difficult with the 
aspiration technique. In the absence of malig- 
nant tissue, small tissue fragments demon- 
strating fibrosis or chronic pneumonitis sug- 
gest a benign process. Since a malignant lesion 
certainly can be missed by aspiration needle 
biopsy, the management of the patient in 
whom nondiagnostic material is retrieved must 
be based upon clinical judgment. The decision 
for thoracotomy or careful clinical follow-up 
must be made in conjunction with all available 
information about the patient. 
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Discussion 

DR. WILLARD A. FRY (Evanston, IL): At the Evanston 
Hospital (Northwestern University Medical School) I 
have a personal series of 108 patients who had a 
transthoracic needle biopsy and can agree whole- 
heartedly with Dr. Sagel’s group on the indications 
for the procedure and its application to patient 
care. It is of interest to me that our results are 
almost identical—as are our rates of pneumothorax 
and chest tube drainage. 

Like the Washington University group, most of 
our interest has been devoted to primary and meta- 
static lung cancer. Tabulating our results on a case 
basis rather than a patient basis, we have an 84% 
positive rate, which compares with Dr. Sagel’s first- 
time rate cf 87%. Our single false positive was also in 
a patient with tuberculosis, and the cytological 
changes of pulmonary inflammation are notorious 
for confusion with adenocarcinoma. 

Our rate of pneumothorax is 25%, but only half of 
these patients need pleural intubation. We do many 
transthoracic needle biopsies on an outpatient basis, 
but we inform patients that they should come psy- 
chologically prepared to spend the night if neces- 
sary. We also warn them they may require chest tube 
drainage. 


Hemoptysis after transthoracic needle biopsy has 
been infrequent and always self-limited. However, it 
is important to warn patients of this possible result in 
advance, so that they do not become scared if they 
cough rp a little blood. 

We have had no deaths. 

The Loma Linda group suggested injecting 10 ml of 
autologous blood into the tract because they found a 
decreased incidence of pneumothorax in those pa- 
tients w20 had “soiling” with blood on the films made 
after transthoracic needle biopsy (McCartney R, Tait 
D, Stilscn M, et al: A technique for the prevention of 
pneumothorax in pulmonary aspiration biopsy. Am J 
Roentgenol Radium Ther Nucl Med 120:872, 1974). We 
have nor tried this but it is an interesting idea. 

Tumcr seeding of the needle tract does not occur to 
any significant degree with the fine needle tech- 
nique. This has been well documented in the litera- 
ture, particularly by Nordenstróm and Bjórk in a re- 
view of more than 4,000 cases (Nordenstróm B, Bjórk 
VO: Letter to the editor. J Thorac Cardiovasc Surg 
65:671, 1273). 

Our technique varies a little from that of Dr. 
sagel's group. We use a 22-gauge needle and pass it 
through an 18-gauge needle, which negotiates the 
skin and chest wall fasciae but does not reach the 
pleura. We limit the puncture to a single maneuver if 
we have good material. Most of the time there is 
nothing :n the syringe, and the specimen is blown 
onto glass slides. We consider the pistol syringe very 
helpful: it produces a surprising vacuum and frees 
one hand (Camco Syringe Pistol, Precision Dynamics 
Corp, 3031. Thornton Ave, Burbank, CA 91504. 
Aspir-Gun, The Everest Co, 5 Sherman St, Linden, 
NJ 07036). 

Like Dr. Sagel's group, we do not perform an aspi- 
ration needle biopsy on every potentially operable 
patient. À positive transthoracic needle biopsy, how- 
ever, certainly expedites the procedure, for we don't 
have to spend time doing a wedge biopsy or frozen 
sections. Instead, we can proceed immediately with 
the proper resection. 

The imoortance of a good cytopathologist cannot 
be overemphasized because a cytological diagnosis 
should be as good as a histological one, and most of 
the time a specific cell type should be identified. 

This is an important procedure that deserves more 
widesprezd use. 


DR. RICHARD M. PETERS (San Diego, CA): Before Dr. 
Jack Forrest came to San Diego from St. Louis, 1 was 
very skeptical of aspiration needle biopsy, but I must 
state that Dr. Forrest has convinced me that this pro- 
cedure, as presented by Dr. Sagel, is a very important 
addition to the diagnostic armamentarium. 

It is far >etter for the patient when he can be told 
the diagncsis before operation. Also when we know 
we are dezling with carcinoma, not with possibly a 
granuloma, we are better able to decide whether to 
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proceed with operation in patients with very mar- 
ginal function. 

Equally important, aspiration needle biopsy has 
saved a number of patients from an operative proce- 
dure. However, I would like to stress that it is ex- 
tremely impcrtant not to accept the diagnosis of a 
negative biopsy. There must also be a histological 
diagnosis. It may be a granuloma or it may be some 
other infection, but, like a negative sputum, a nega- 
tive needle biopsy has no meaning. 

Aspiration needle biopsy provides an easy and 
safe way for us to be much more specific in our ther- 
apy of patients. 


DR. THOMAS D. BARTLEY (Gainesville, FL): We, too, 
use aspiration needle biopsy of pulmonary lesions 
very aggressively and are very happy with the 
method. We practically never do a thoracotomy now 
without a previous positive histological diagnosis. 

I am interested that you are able to obtain same- 
day diagnos:s from vour pathologists, and I wonder 


how you achieve that. Invariably, we must wait 24 
hours for an answer, while you implied that you take 
a biopsy specimen in the morning, receive an answer 
at lunchtime, and repeat a biopsy procedure in the 
afternoon. I would like a comment on that aspect of 
your procedure. 


DR. HERMES C. GRILLO (Boston, MA): A minor tech- 
nical note. Dr. Reginald Greene, our pulmonary 
radiologist, reduced the incidence of pneumcthorax 
markedly by using a two-needle technique. An outer 
needle is placed first in the target. Multiple aspira- 
tions are done by inserting a second needle through 
the outer one. 


DR. SAGEL: The aspirated material for cytopathologi- 
cal study is placed in a tube containing a balanced 
electrolyte solution (Polysal) and conveyed to the 
pathology laboratory. Stained slides of the cytologi- 
cal preparation are available for interpretation within 
an hour. However, any available cell block wauld not 
be ready for at least 12 hours.. 


Roentgenographic Chest Screening 
in the Detection and Survival of Patients with Lung Canc 


Cooperative Study Group for Early Detection of Lung Cancer 


in the German Democratic Republic 


ABSTRACT In the German Democratic Republic 
(GDR), annual mass roentgenographic screening of 
the chest was introduced twenty years ago. To ascer- 
tain its value in the detection of lung cancer, data 
were collected about treatment results at the coun- 
try’s main chest clinics. The study covers 13,293 op- 
erations and 10,838 resections, accounting for nearly 
90% of all patients with lung cancer treated surgi- 
cally in the GDR from 1949 to 1974. 

From 1965 to 1968, the five-year survival was more 
favorable in patients who were screened than in 
those who were diagnosed after clinical symptoms 
had appeared (36% for the former, 29% for the lat- 
ter). For improvement of overall results, we recom- 
mend differentiated regular chest roentgenographic 
screening of men 40 to 70 years of age, indi- 
vidualized on the basis of tobacco usage, and full 
exploitation of all diagnostic and surgical tools now 
available. 


Early detection is now recognized as a funda- 
mental factor in the successful treatment of 
cancer. However, the chances for early detec- 
tion and radical treatment vary depending on 
the location of the tumor. 

In the German Democratic Republic (GDR), 
annual roentgenographic screening of the chest 
was introduced for the detection of tuberculosis 
of the lung nearly twenty years ago. Since 1962 
it has been obligatory, and 90% of the adult 
population have had a chest roentgenogram 
once a year [10]. As a result of this measure, 
there has been a steady rise in the number of 
asymptomatic cancers diagnosed by screening, 
with an accompanying increase in resection 
and survival rates [6, 7, 13]. Despite these facts, 
the general opinion still holds that roentgeno- 
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graphic chest screening has no specific value 
in the zarly detection and treatment of lung 
cancer. 


Materials and Results 

To asce-tain the value of annual mass roent- 
genographic screening, the Cooperative Study 
Group has collected the most important data 
about treatment results recorded in the main 
chest clinics in the GDR between 1949 and 
1974. The study covers 13,293 operations and 
10,838 resections in patients with lung cancer, 
represerting nearly 90% of all patients with 
lung turnors treated surgically up to 1974. The 
cases were grouped according to mode of detec- 
tion, i.e., by screening or by clinical symptoms. 
The latter group included those cases detected 
by chance, independent of periodic screening. 


Surgical Treatment and Survival 

From 1949 to 1974, operations were performed 
on a total of 7,988 patients whose cancer was 
discovered through screening and 5,305 with 
clinical disease. In the period preceding sys- 
tematic screening, no significant difference was 
detected between the two groups in the total 
number of operations and resections per- 
formed. But over the last fifteen years of the 
study, there was an obvious increase in the 
total number of operations and resections 
among the cases detected through screening 
(Table 1.. Resection rates were higher in the 
screened group; the differences are highly sig- 
nificant in all periods (p = 0.001 by chi-square 
test). 

There was also a significant increase in the 
total number of three- and five-year survivors, 
especially in the screened group (Table 2). The 
crude three- and five-year survival rates im- 
proved in both groups. But in the later periods 
(1963 to 1968), the five-year survival rates were 
more favorable in the screened group than in 
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Table 1. Operations Performed for Lung Cancer during the Study Period 





Screened Group 


Resections 
No. of 

Period Operations No. 
1957-58 166 132 
1959—60 368 3122 
1961—62 532 439 
1963-64 784 657 
1965—66 968 850 
1967—68 1,202 1,065 
1969-70 1,161 1,035 
1971-72 1,286 Los 
1973-74 1,361 1,1703 
1949-74 7,988 6,961 


Clinical Group 


Resections 

No. of 
% Operations No. % 
80 269 193 72 
85 361 2623 73 
83 404 268 66 
84 404 269 67 
88 465 339 73 
89 607 446 73 
89 617 485 79 
89 657 508 77 
86 709 558? 79 

5,305 8,877 


"Compared w:th clinical cases, the increase in number of resections performed in the screened group during the periods 
1959-60 to 1973—74 is highly significant (p < 0.001 by chi-square test). 


Table 2. Three- and Five-Year Survival Rates 


Screened Group 


Survival 

No. of 3 Yr 5 Yr 

Kesec- 
Period tions No. % No. 
1949-52 8 4 50 3 
1953-54 51 20 39 18 
1955-56 85 31 36 22 
1957—58 132 52 39 40 
1959—60 312 110 35 82 
1961—62 439 188 43 151 
1963—64 657 292 44 233 
1965—66 850 408 48 322 
1967-68 1,065 455 43 363 
1969-70 1,035 502 48 


Clinical Group 


Survival 

No. of 3 Yr 5 Yr 

Resec- 
% tions No. % No. yis 
38 98 19 19 14 14 
35 216 70 32 59 A7 
26 239 70 30 50 21 
30 193 53 27 38 20 
26 262 85 32 vz 28 
344 268 101 38 79 298 
35" 269 104 39 73 ZT? 
38? 339 132 39 93 27° 
344 446 167 37 135 30? 

485 192 40 





“The differences between the two groups are highly significant (p < 0.001 by chi-square test). 


the clinical group. Because more than two- 
thirds of the survivors were survey cases, the 
favorable survival in this group decisively af- 
fects the overall results. From 1961 to 1968, the 
mortality rate at the third and the fifth year was 
nearly 1096 in both groups. But because the 
average age in the survey group was higher and 
because it contained more high-risk cases, the 


two groups had a different life expectancy. - 


Therefore, the relative survival of patients in 
the screened group is seen to be still more 
favorable. 


Z 


Site of Tumor and Lymph Node Involvement 

Nearly 75% of the patients in the screened 
group had peripheral lesions, whereas in the 
clinical group the proportion with peripheral 
lesions ranged from 36 to 49% (Table 3). Begin- 
ning with 1959, the differences are highly sig- 
nificant. Still more decisive is the increase in 
total number of peripheral lesions in the 
screened group from 1957-58 to 1973-74 
(screened group, from 90 to 918 cases; clinical 
group, from 71 to 275 cases). The fact that in the 
period 1967—68 there were more central lesions 
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Table 3. Location of Tumors 








Screened Group Clinical Group 

Central Peripheral Central Peripheral 
Period No. 9o No. % No. % No. % 
1957-58 42 32 90 68 122 63 Zt 37 
1959-60 104 33 208 67* 167 64 95 364 
1961-62 141 32 295 68° 154 57 114 434 
1963—64 175 27 482 73° 170 63 99 3/9 
1965—66 208 24 642 76° 202 60 137 40? 
1967-68 310 29 755 Alt 250 56 196 442 
1969-70 266 26 769 74? 256 53 229 472 
1971-72 266 23 891 77° 278 55 230 45a 
1973-74 252 22 918 78? 283 51 275 49a 
1949-74 1,816 26 5,145 743 2,250 58 1,627 428 


"Differences are highly significant (p < 0.001 by chi-square test). 


in the screened group than among clinical pa- 
tients (308 versus 250) is interesting, too. This is 
an indication that the conditions for detection 
of central cancers by roentgenographic screen- 
ing are not so unfavorable as has been assumed 
by many authors. 

The five-year survival rate for patients with 
central lesions has been between 20 and 29% in 
both groups, whereas that for patients with pe- 
ripheral lesions detected by screening was 39% 
from 1963 to 1968, with a total of 743 survivors 
against only 140 in the clinical group. 

As for lymph node involvement, the total 
number and proportion of localized cases was 
much higher in the screened group. The five- 
year survival rate for patients with localized 
disease was 45% in the screened group and 
39% in the clinical group from 1963 to 1968; 
this difference is significant (p < 0.01 by chi- 
square test). Much more impressive is the total 
number of survivors with localized cancers 
in the screened group. 


Type of Resection 
In connection with the increased incidence of 
localized and peripheral lesions, the proportion 


of lobectomies performed was much higher in. 


the screened group (Table 4). The five-year 
survival rate of 39 to 40% (1963 to 1968) in pa- 
tients who had lobectomy is more favorable 
than that of patients treated with pneumonec- 


tomy; the differences are highly significant in 
the screened group and significant in the clini- 
cal group (p < 0.001 and 0.01, respectively, by 
chi-squére test). Furthermore, it should not be 
overlooked that lobectomy provides better 
pulmonary efficiency than pneumonectomy. 

Limited excisions (wedge resections) were 
done mainly to keep the operative risk low in 
older petients with small peripheral lesions. 
The tota. number and proportion of such cases 
is increasing, and the five-year survival has ex- 
ceeded expectation. 


Distribut:on by Age 

The proportion of patients older than 65 years 
in the screened group was 18% from 1949 to 
1968 anc 32% for the period 1973-74; for the 
clinical group these figures are 11 and 25%, 
respectively. The five-year survival rates 
of patients in the higher age ranges in the 
screened group were better on the whole than 
the survival rates for all age groups among the 
clinical cases (Table 5). Survival among patients 
under 5C years is not so poor as is generally 
assumed. 


Distribution by Sex 

The ratic of men to women in the screened 
group wes 9:1 and in the clinical group, 19:1; 
this difference is readily understandable be- 
cause the proportion of peripheral lesions is 
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Table 4. Five-Year Survival by Type of Resection 


tt 


Period Pneumonectomy 


SCREENED GROUP 


Lobectomy Wedge Resection 


cn th A 











SCREENED GROUP 


37% (15/40) 


1959-62 21% (58/270) 36% (165/458) 43% (10/23) 
1963-66 28% (103/367) 40% (425/1,064) 37% (28/76) 
1967-68 17% (41/242) 39% (286/732) 38% (35/91) 
1969-70" [5 3250) (. . 1739) (.../46) 
1971-722 (.../257) (.../818) (.. /&2) 
1973-742 (. . 1209) (. . (822) E 
CLINICAL GROUP 

1959—62 26% (81/312) 32% (69/215) (1/3) 

. 1963-66 2396 (69/296) 31% (91/292) 25% (5/20) 
1967—68 26% (55/212) 33% (74/221) 4696 (61:3) 
1969-70? (54/226) (. . 1239) (asai20) 
1971-723 (. . 1221) Ce . 1267) Cost) 
1973-748 (. . 1245) (. . 270) (.../43) 
*Survival rates not yet available. 

Table 5. Five-Year Survival by Age 
Period <39 yr 40—49 yr 50-59 yr 60-64 yr 65-69 yr 270 yr 





1949—66 39% (66/169) 36% (396/1,106) 34% (281/835) 30% (102/345) 30% (12/40) 
1967—68 2799 (7/26) 3396 (24/73) 35% (129/372) 37% (121/325) 30% (67/223) 2795 (12/45) 
CLINICAL GROUP 

1949—66 30% (9/30) 28% (66/237) 26% (244/933) 23% (117/512) 23% (35/149) 26% (5/19) 
1967—68 29% (5/17) 33% (18/55) 35% (54/154) 29% (39/133) 20% (15/75) 25% (3/12) 


higher in women than in men. There were also 
some differences in survival rates between men 
and women: the five-year survival rate in the 
screened group for cases detected from 1964 to 
1968 was 34.9% (700 of 2,004 cases) for men and 
42.7% (117 of 274) for women; in the clinical 
group it was 28.6% (251 of 879 cases) for men 
and 38.6% (17 of 44 cases) for women. 


Histological Considerations 

The well-known fact that patients with his- 
tologically differentiated types of cancer have a 
favorable prognosis needs no further discus- 
sion. But among the undifferentiated types, it is 
possible to demonstrate that early detection of 
small cell carcinomas improves survival re- 
markably. Out of 229 cases detected by screen- 
ing between 1949 and 1968, 49 patients (21%) 


survived five years, whereas in the clinical 
group only 15 (9%) of 167 who had resection for 
small cell carcinoma survived five years. This 
difference is highly significant (p < 0.001 by 
chi-square test). Therefore, it is possible by 
roentgenographic screening to detect a higher 
proportion of otherwise prognostically un- 
favorable tumor types at a stage in which they 
are still localized to the lung. The improved 
survival of patients with undifferentiated car- 
cinoma detected by radiological screening has 
also been demonstrated by Ingberg and col- 
leagues [5]. 


Comment 

The results of our study indicate that the value 
of annual roentgenographic screening of the 
chest for detection and treatment of lung 
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cancer, especially in men past the age of 40 
years, is no longer questionable [2]. The in- 
crease in total number of operations, resections, 
and five-year survivors is mainly the result of 
screening. The high number of resections in the 
screened group with an excellent five-year 
survival rate (1965 to 1968; 685 of 1,915 in the 
screened group, or 36%, and 228 of 785 clinical 
patients, or 2996) determines the overall results. 
Among 275 patients who had resection in 1960, 
75 survived five years or more. The number of 
new cases of lung cancer in patients under the 
age of 70 years registered by the Cancer Regis- 
try of the GDR in 1960 was 3,684; therefore, the 
75 patients represent an absolute survival of 
only 2%. Among 834 patients who underwent 
resection in 1968, 275 survived five years or 
more; the incidence of new cases in patients 
under the age of 70 years was 4,702 that year, so 
the absolute survival was nearly 696. 

This situation constituted a promising be- 
ginning [6, 7]. But as demonstrated by Table 1, 
there has been no further increase in the total 
number of operations and resections done since 
1969, especially in the screened group. This 
stagnation in the number of operations is due 
to a growing reluctance in recent years to 
undertake lung screening— because of the over- 
all decrease in pulmonary tuberculosis—and to 
a failure in some districts to maintain the one- 
year screening schedule; since 1970, only 60 to 
7596 of the adult male population has had a 
chest roentgenogram annually [10]. 

It is obvious that annual screening of the 
whole adult population is no longer necessary. 
But to ensure earlier detection of lung cancer in 
the future, the performance of lung screening 
individualized in terms of a person's risk of 
lung cancer is desirable. The program in the 
GDR has been reorganized, and the perfor- 
mance of lung screening is now based on the 
following recommendations [14]: 


Nonsmokers, persons who have smoked fewer 
than 100,000 cigarettes, and women: bian- 
nual screening 

Persons who have smoked between 100,000 and 
200,000 cigarettes: annual screening if possi- 
ble 


Persons who have smoked more than 200,000 
cigarettes: definitely annual screening 

High-risk groups (professional exposure to car- 
cinogens; heavy smokers): semiannual 
screening including a cytological test of the 
sputum 


Persons at risk include men aged 40 to 70 years. 
Men who are in excellent health should be ex- 
aminea up to the age of 75 years. This differ- 
entiated approach and the full exploitation of all 
diagnostic and surgical facilities will guarantee 
further -mprovement in the overall results. 

Retrospective studies of screening roent- 
genograms have clearly shown that a minimum 
of 20% of cancers are overlooked on studies per- 
formed one or in some instances two years ear- 
lier [6]. The proportion of such cases has been 
even hizher in certain studies [11, 12]. From 
1966 to 1970, nearly 3596 of all new cases of lung 
cancer r2gistered by the Central Cancer Regis- 
try of the GDR [10] were detected by screening 
(e.g., 1966: 2,318 of 6,553 cases). Continued 
screening would enable detection of 40% of 
cases or more, particularly in those age groups 
curable >y surgery. Furthermore, in the period 
in whica these results were achieved, it was 
generally unknown whether or not annual 
screening of the chest influences survival rates 
in lung cancer. Therefore surgical treatment 
was not infrequently postponed, or even re- 
fused, especially in older people [13]. 

A trend toward broader indications for opera- 
tion and resection has been recognizable. This 
can be concluded from the steady increase in 
the proportion of patients above the age of 65 
years in both the screened and the clinical 
group and from the observation that there has 
been only a leveling off and no decrease in the 
total number of operations performed despite a 
drop in the number of persons undergoing 
chest screening in recent years. Therefore, it 
should be possible to make both screening and 
treatment for lung cancer still more effective. 

Simila: conclusions have been drawn by 
other authors [2, 5, 9, 11]. Absolute five-year 
survival rates of 10 to 1596 can be achieved in 
men with lung cancer under the age of 70 years. 
The study of Ingberg and associates [5], based 
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on 1,293 patients with carcinoma of the lung, is 
very reliable. These cases were observed in a 
district of southern Finland with a population 
of about 500,000 during 1952 to 1970. The fre- 
quency of incidental findings increased from 
11% in the period 1952 to 1964 to 28% in 1965 to 
1970. Cancers detected incidentally were more 
frequently resectable. In the incidental group, 
the five-year survival rate was 15%; it was only 
5% among symptomatic patients. In Brett’s con- 
trolled study [2] based on a test population of 
nearly 55,000 men, the five-year survival rate of 
patients with cancer of the lung was 6% (5 of 77) 
in the control group and 15% (15 of 101) in the 
study group. Chest roentgenograms had been 
offered to the study group at six-month inter- 
vals over a period of three years. In the study of 
Nash and associates [9] the survey group was 
not clearly defined, and the Philadelphia Pul- 


monary Neoplasm Research Project [12] had a 


very small test population, but both studies as 
well as the analysis of Veeze [11] give some in- 
dication that a carefully designed roentgeno- 
graphic detection program can be useful. Investi- 
gations to determine the additional value of 
sputum cytology studies, especially for the de- 
tection of central lesions in high-risk groups 
(men over 45 years of age who smoke at least one 
pack of cigarettes a day), are still in progress [1, 
3, 8]. 

Lung cancer is the most frequent form of car- 
cinoma in men, and its incidence in all age 
groups continues to increase, as shown by the 
records of our governmental cancer registry 
(Figure). These data demonstrate that among a 
group of 1,000 men aged 50 years, 40 to 50 will 
be afflicted with lung cancer in the following 
twenty years [4]. If there is a further rise in in- 
cidence, this number will exceed 50 cases, espe- 
cially in heavy smokers. This is an alarming 
situation we will have to cope with. | 

Combined methods of treatment (precpera- 
tive or postoperative irradiation, additional 
chemotherapy) have failed to improve cure 
rates [13]. Radiotherapy alone is only palliative 
in most instances. For the near future, further 
improvement in the overall results can be ex- 
pected only if the following principles are ob- 
served: 
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Incidence by age group of new cases of lung cancer per 
100,000 population in the years 1960, 1966, 1969, and 
1972 in the GDR. 


Differentiated regular roentgenographic screen- 
ing (biannual, annual, semiannual) of men 
aged between 40 and 70 years (or older if they 
are in good health), the frequency dependent 
on their tobacco consumption. 

Accurate evaluation of mass roentgenograms 
and acceleration of diagnostic procedures. 
Closer surveillance of high-risk groups during 
the intervals between screening and effective 

. dissemination of information to the public. 

Full exploitation of all surgical modalities now 

available. 
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yberLith. 


[he multi-programmable pacemaker 
vith telemetry. 





Seven Sensitivity Levels 
Precise sensitivity adjustments are possible to respond to 
varying clinical situations. 


y developing wireless technology, Marconi paved the way 
r the modem electronic achievement known as telemetry. 
termedics has applied this achievement to cardiac 
icemaker technology. It is available in the CyberLith. 
Three Pacing Modes 

You may choose the mode best suited to your patient's 
condition and environment without the need for 
surgical intervention. The modes available are: 
R-wave inhibited (demand)— asynchronous (fixed 
rate) —R-wave synchronous (demand). 


Telemetry allows you to non- 
invasively monitor and clini- 
cally evaluate the functioning 
of the multi-programmable 
CyberLith pacing system. 
This monitoring capability, Telemetric 


CyberLith 


Multi-Programmable 


C-MOS Model 253-01 


Intermedics Inc. 


and the therapeutic flexibility Communication 


of the CyberLith, combine to 
provide the most complete 


CyberLith telemetry makes 


possible more accurate esti- 


pacing system available. 


FREEPORT, TEXAS 


mation of the pacemaker’s 
remaining service life. 
Battery voltage, battery 
impedance, electrode lead 
impedance, and exact 
timing of sensing and pacing events can all be determined 
for detailed evaluation. 





or the first time, one pacemaker, the 
yberLith, incorporates the following features: 


ifteen Pacing Rates 

ogrammable pacing rates, from 30 to 120 ppm, offer 

yu maximum versatility in meeting the changing needs 
‘your patients. 


ifteen Pulse Widths 
choice of pulse widths from 0. 15 to 2.29 msec assures 
fective pacing for each patient. 


Fail-Safe Programming 

A battery powered (rechargeable) portable Programmer 
gives you the flexibility to alter the CyberLith’s pro- 
grammable features individually or simultaneously. In 
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addition, the Programmer’s design makes accidental 


reprogramming virtually impossible. And instantaneous 


reprogramming to original nominal pacer parameters 
can be accomplished by depressing a single button. 


The CyberLith is making History. Now. 


* Please contact your Intermedics representative for more 


complete information on the many advantages of 


CyberLith therapeutic pacing. At Intermedics, we are 


producing tomorrow’s technology today, because 
OUR BUSINESS IS LIFE. 





Free limited-edition print offer 
from Intermedics, Inc. 


The Guglielmo Marconi original water color shown on 
the first page of this ad is the second in a series commis- 


sioned by Intermedics. A limited-edition print, num- 
bered and signed by artist Ron Adair, is being made 
available by Intermedics to physicians only. To obtain 
your print please write to Marketing Administration, 


Intermedics, Inc., RO. Box 617, Freeport, Texas 77541. 


Note: 





The CyberLith is currently undergoing clinical evaluation and is not routinely available 


| onacommercial basis. 


(Olntermedics, Inc., November, 1978 
CyberLith is a trademark of Intermedics, Inc. 


Intermedics Pulse Generators 


INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial capacity 
of the battery and the shelf storage time of the manufactured pacemaker; 
variations in electrode system resistances, stimulation rate, and the per- 
centage bf time the implanted pacemaker is inhibited; and random elec- 
tronic cómponent failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, diathermy should not 
be used on pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the pacemaker 
as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause in- 
creased cardiac muscle damage from defibrillation. Microwave ovens that 
do not exceed federal guidelines for leakage (0.5 mW/cm? at 2.5 cm from 
the appliance) will not affect the pacemaker, but leakage in excess of that 
amount may cause interference. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 

For complete precautions, see the Physician’s Manual for the Inter- 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue 
reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life. 
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f pack. can be non 
than its tubing 


Since the first by-pass procedure, Tygon 
surgical tubing has been the most widely 
chosen and trusted tubing to serve as the 
vital link between patient and pump. 


Tygon tubing has earned world-wide recogni- 
tion for undeviating adherence to excellence. 
Our rigid manufacturing standards, strict 
quality control and extensive testing and 
documentation have made Tygon tubing 
synonymous with good surgical procedure. 


Tygon tubing...assurance worth asking for. 


The dependability and assurance that Tygon 
tubing brings to your extra-corporeal proce- 
dures is available whether you use custom- 
made packs or prepare your own. Ask your 
supplier to include it throughout your sys- 
tem. For further information, call us toll-free 
800-321-9634 (Ohio call collect 216-630-9230). 


37-060 


“NORTON PLAS TICS AND SYNTHETICS DIVISION 


PO. BOX 350 AKRON. OHIO 44309 TEL: (2/8) 630-9230 
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New SURGILENE 
polypropylene monofilament suture. 


SURGILENE is so smooth and pliable, it glides through 
all kinds of tissue. This new polypropylene suture also ties easily 
and handles well. The result: fast, smooth procedures. 

SURQILENE is inert, so scarring is minimal, compli- 
cations few. And it's strong...with a flex life that's unexcelled 
by any other synthetic monofilament. 

For your convenience, SURGILENE is available in our 
unique, time-saving DIRECT DISPENSING packages. 










DAVIS+GECK 


American Cyanamid Company 
0965 


Pearl River, N.Y. 4 





See next page for complete product information. f~ 
e $ 


DAVIS+GECK 


New SURGILENE 


polypropylene monofilament suture 
comes in unique, time-saving 


DIRECT DISPENSING 
packages. 


Tear inner pack 
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diagonally to expose suture. 


SURGILENE® polypropylene monofilament suture 


Complete Product Information 


DESCRIPTION 

SURGILENE polypropylene Suture (clear or pigment- 
ed) is a sterile, isotactic crystalline stereoisomer of a 
linear hydrocarbon polymer having essentially no un- 
saturation. The pigmented suture contains Copper 
Phthalocyanine Blue. 


ACTIONS 

SURGILENE causes a minimal, transient, acute in- 
flammatory reaction. This is followed by the formation 
of a microscopic layer of fibrous tissue around the 
suture. The suture is not absorbed nor is it subject to 
degradation or weakening by the action of tissue en- 
zymes. 


INDICATIONS 
SURGILENE may be used wherever Nonabsorbable 


Surgical Suture, USP is recommended. 


Because of its lack of adherence to tissue, 


SURGILENE is efficacious as a pull-out suture. 


CONTRAINDICATIONS 
There are no known contraindications. 


WARNINGS 

Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have nct been per- 
formed. 


PRECAUTIONS 

As with other synthetic sutures, knot securty requires 
the standard surgical technic of flat and square ties, 
with additional throws if indicated by surgical cir- 
cumstance and the experience of the opera:or. 
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Then, pull suture out. 


There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 

The most common adverse reaction noted during the 
clinical investigations with SURGILENE Suture was 
redness at the suture site, reported in up to 1575 in 
some study populations. Edema and/or infection a! 
the suture site has been noted in up to 8% in some 
study groups. Infrequent adverse reactions reportec 
include suture extrusion and dehiscence (2 cases 
reported). 


HOW SUPPLIED 

Available in USP sizes, non-needled or affixed to the 
various DAVIS + GECK ATRACGMATIC* needles 10/C 
thru 2 for pigmented sutures; 7/O thru 2 for clear 


in one dozen and three dozen packages. 
Rev. 3/7; 
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Cardiac Output 
Simplified 


for Open-Heart Patient 


Drawing courtesy of University Hospital, Boston. 


IL s 2-French Open-Heart Catheter 
used with the IL701/702 Cardiac 
Output System offers an atraumatic, 
proven method for transthoracic 
thermal dilution cardiac output. 


Safe 


* Platinum band near tip, for ease of 
fluoroscopic identification 

e Useable with IL flow-through tem- 
perature probe, for increased 
accuracy 

e Small size, suitable for infants 


Simple 

* Furnished with introducer for 
surgical insertion 

e Saves time in operating room 

e Reusable up to 5 times, with teflon 
construction and closed tip 


Automatic C.O. System 

e Just push the button, make injection 
and read the answer 

e No calibration required 


Call toll-free for a demonstration: 
800 225-4040. Or write: Instrumenta- 
tion Laboratory Inc., 113 Hartwell 
Ave., Lexington, MA 02173. 


instrumentation 
Laboratory 
Biomedical Division 








CPI offers new low profile 
sutureless myocardial lead 
with pressure-free release 


The moment of truth. The electrodes in place as Fatigue-resistant alloys. Biocompatible silicone 
you prepare for disengagement of the head from the rubber sheathing. Reliable materials. Reliable 
insertion tool. engineering. 

Until now, with sutureless leads you ran the In total, this new concept in sutureless leads is 
risk of pushing or pulling on delicate heart tissue. consistent with CPI leadership in lithium pacemakers 
But CPle has solved that with their new sutureless that continue to set industry standards for 
myocardial lead with pressure-free release. The CPI reliability. Find out more today by writing or calling 


unique design allows you to maintain the electrode CPI toll free, 800-328-9588. 
firmly in position while detaching the electrode a 
with a retrograde motion. The head releases easily... 
without pressure. P.O. Box 43079 

This is only part of the story. CPI engineer/ CREE E ® St Paul, Minnesota 55164, U.S.A. 
designers took triple-wound helical coil conductors Telephone: (612) 631-3000 
to provide triple redundancy. They added a 10 mm? Cable: Cardiapace, St. Paul 


corrosion-free 70% platinum-30% iridium electrode. Telex: 29-7049 
©1978, Cardiac Pacemakers, Inc. 


ENEm Cardiac Pacemakers, Inc. 
A 4100 North Hamline Avenue 





OTHERS 
ACTION 


OTHER SUTURELESS _ | 
ELECTRODE PROFILE ir -PF 


r~ 
LE 


‘ 
me 


: rers 
Ch verrà I 
Mg ae RU mid 


"i sen l far 

A BUTTON-SLIM SILHOUETTE is significantly lower OLDER METHOD requires 

in height than sutureless leads presently available. a pushing action toward the at- 
tachment point. The CPI lead 
detaches from the insertion 
tool, with a movement away from 
the heart. 





Extended Indications for Median 
Sternotomy in Patients Requiring Pulmonary Resection 


J. D. Cooper, M.D., J. M. Nelems, M.D., and F. G. Pearson, M.D. 


ABSTRACT We have employed median sternotomy 
in 9 patients for resection of both benign and malig- 
nant lung lesions. The most frequent use of this ap- 
proach was for bilateral wedge resection, though 
unilateral resection was done in 2 patients. Our ex- 
perience supports the previously documented use- 
fulness of median sternotomy for minor bilateral re- 
sections and suggests that more complex pulmonary 
resections are possible when an appropriate indica- 
tion exists. 

We compared the effects of median sternotomy 
with those of lateral thoracotomy on postoperative 
vital capacity and peak airway flow. Both incisions 
result in a marked loss of measured lung function, 
but recovery occurs notably sooner after median 
sternotomy than after lateral thoracotomy. 


Median sternotomy is widely used for cardiac 
operations but has received little attention as an 
approach for pulmonary resection. Previous re- 
ports have documented the suitability of me- 
dian sternotomy for bilateral wedge resection of 
multiple pulmonary metastases [12] and for 
bilateral apical pleurectomy in the management 
of spontaneous pneumothorax [8]. We have em- 
ployed median sternotomy for pulmonary resec- 
tion in selected situations and have found it to 
be more widely applicable than we had anti- 
cipated. We also have compared the effects of me- 
dian sternotomy and of lateral thoracotomy 
on postoperative pulmonary function. 


From the Department of Surgery, University of Toronto, 
and the Division of Thoracic Surgery, Toronto General 
Hospital, Toronto, Ontario, Canada. 


We wish to thank Mrs. Vicki Blair for her invaluable assis- 
tance in the performance of the pulmonary function studies 
and in the preparation of this paper. We would like also to 
thank Dr. Bernard Goldman for permitting us to perform 
the pulmonary function studies on his patients undergoing 
coronary artery bypass operations. 


Presented at the Fourteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 23-25, 1978, Orlando, FL. 


Address reprint requests to Dr. Cooper, 1-131 University 
Wing, Toronto General Hospital, Toronto, Ontario M5G 
1L7, Canada. 
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Clinical Experience 

Our initial use of sternotomy for pulmonary 
procedures was for bilateral resection of em- 
physematous bullae in a 68-year-old woman 
with totally disabling shortness of breath. This 
case provided the stimulus for increasing the 
use of median sternotomy for pulmonary resec- 
tion. 

In the past fourteen months, we have used 
median sternotomy for pulmonary resection in 
9 patients. We performed sleeve resection of the 
right upper lobe in 2 patients, and bilateral 
lower lobectomy in 1 patient. In the remaining 
6 patients, lesser resections were carried out. 
Our experience is summarized as follows: 


Benign Lesions 
Bullous disease 
Bilateral emphysematous bullae: bilateral 
bullous excision 
Bilateral emphysematous bullae: bilateral 
exploration and unilateral excision 
Bilateral spontaneous pneumothorax: mul- 
tiple bilateral wedge excisions of bullae 
Other 
Arteriovenous malformations: 
wedge resection 
Pseudolymphoma: bilateral wedge resec- 
tion 
Malignant Tumors 
Primary 
Thymoma: resection of mediastinal tumor 
in continuity with sleeve resection of the 
right upper lobe 
Bilateral synchronous primary carcinoma 
of the lung: sleeve resection of the right 
upper lobe and wedge resection of the left 
lower lobe 
Pulmonary metastases 
Carcinoma of the cervix: bilateral wedge 
resection 
Carcinoma of the cervix: bilateral lower 
lobectomy 


bilateral 
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Fig 1. (Patient 1.) (A) Preoperative chest roentgenogram 
showing absence of lung markings from both upper lung 
fields and depression of both diaphragms. (B) Post- 
operative chest roentgenogram. The pulmonary vascu- 
lature has a more normal distribution, and the dia- 
phragms are one interspace higher than they were be- 
fore operation. 


Fig 2. (Patient 1.) Pulmonary angiogram showing ab- 
sent perfusion in the upper zones. There is downward 
displacement of the upper lobe vessels and crowding of 
the lower lobe vessels. 


Case Reports 

Patient 1 

A 68-year-old woman was admitted because of 
severe shortness of breath. A chest roentgeno- 
gram (Fig 1A) revealed serious bilateral bullous 
emphysema with hyperlucency of the upper 
lung fielcs and compression of the lower lobes. 
The pulmonary angiogram (Fig 2) confirmed 
the presence of bullous enlargement in the 
upper lobes with displacement and compres- 
sion of lower lobe vessels on both sides. The 
patient had pulmonary artery hypertension and 
very severe airway obstruction, and clearly was 
in a high-risk category for any operative proce- 
dure. The sternotomy approach was chosen to 
reduce postoperative morbidity and to permit 
operation on both sides at the same procedure 
for maximum benefit. 

Bullae in both upper lobes were resected, and 
plications were made at the base of the bullae 
using a stapling device. The patient made an 
uneventful recovery and was discharged on the 
thirteenth postoperative day with markedly 
improved exercise tolerance. Figure 1B is a 
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roentgenogram of the chest one month follow- 
ing operation. 


Patient 2 

A 49-year-cld woman was seen with disabling 
dyspnea and bilateral bullous emphysema. 
Through a median sternotomy both pleural 
spaces were explored. A bulla in the right upper 
lobe was resected, with plication at the base. 
On the left side diffuse changes were found; no 
areas were amenable to resection or plication. 


Patient 3 

A 24-year-old asthmatic woman was admitted 
to the hospital with a left-sided pneumothorax. 
A right-sided pneumothorax subsequently de- 
veloped. Through a median sternotomy bullae 
were excised from the apices of both upper 
lobes as well as from the left lower lobe and 
lingula. The patient made an uneventful post- 
operative recovery. 


Patient 4 

A 32-year-old woman with hereditary hemor- 
rhagic telangiectasia was seen with a sponta- 
neous right-sided pneumothorax. Pulmonary 
arteriography demonstrated multiple arteriove- 
nous fistulas, 1 of which had ruptured to cause 
the hemothorax. Through a median sternotomy 
a total of 7 arteriovenous malformations were 
resected from both lungs. 


Patient 5 

A 60-year-old woman with no history of 
smoking was admitted with a suspicious lung 
nodule in each lung. Aspiration needle biopsy 
suggested the presence of anaplastic small cell 
carcinoma. The diagnosis was questioned be- 
cause the presence of bilateral small cell car- 
cinoma in a nonsmoker seemed highly un- 
likely. Through a median sternotomy the 2 
nodules were excised by wedge resection. The 
final pathology report was pseudolymphoma, a 
benign condition. 


Patient 6 

A 25-year-old woman was admitted with local 
mediastinal recurrence of a lymphoepithelial 
thymoma five years after the initial tumor had 
been excised through a median sternotomy. En 


bloc resection was carried out through a median 
sternotomy. The superior vena cava was re- 
sected and reconstructed, and the right upper 
lobe was taken as a sleeve resection because of di- 
rect extension of the tumor into the right up- 
per lobe. The patient had an uncomplicated re- 
covery. 


Patient 7 

A 54-year-old man underwent median ster- 
notomy for synchronously occurring bilateral 
primary squamous cell carcinoma of the lung. 
One tumor was located in the superior segment 
of the left lower lobe and the other at the origin 
of the right upper lobe bronchus. A wedge re- 
section of the left lower lobe and a sleeve resec- 
tion of the right upper lobe bronchus were 
performed. The patient was discharged on the 
eleventh postoperative day. 


Patient 8 

A 27-year-old woman was admitted with bilat- 
eral lung nodules within a year following a 
Wertheim hysterectomy for carcinoma of the 
cervix. Through a median sternotomy, 4 meta- 
static lesions were removed by wedge resec- 
tion. The patient was discharged on the seventh 
postoperative day. 


Patient 9 

A 59-year-old woman was admitted to the hos- 
pital with bilateral pulmonary metastases from 
an endocervical adenocarcinoma resected five 
years previously. Several courses of chemother- 
apy failed to control the lesions, and a median 
sternotomy was performed. A minor wedge re- 
section of the right upper lobe was done ini- 
tially and was followed by a left lower and a 
right lower lobectomy. A week after operation, 
bilateral lung infiltrates developed. The patient 
died of gram-negative pneumonia two weeks 
after operation. 


Pulmonary Function: 

Sternotomy versus Thoracotomy 

The ventilatory disability produced by median 
sternotomy was compared with that produced 
by lateral thoracotomy by measuring preopera- 
tive and postoperative pulmonary function in 
patients who had one incision or the other for 


416 The Annals of Thoracic Surgery Vol 26 No 5 November 1978 


100 


% OF PRE-OP VALUE + SEM 
c 
O 





POST-OP DAY 


STERNOTOMY 


100 


80 P<.02 


% OF PRE-OP VALUE * SEM. 





4 


POST-OP DAY 


Fig 3. Results of postoperative lung function studies in 
14 patients undergoing sternotomy and 14 patients un- 
dergoing lateral thoracotomy. These studies included (A) 
vital capacity measurements and (B) peak flow mea- 
surements. Results are expressed as a percent of the 
preoperative value; NS indicates no o significant dif- 
ference between groups. 


an operation not involving lung resection. 
Studies were performed in 14 patients under- 
going median sternotomy for a coronary artery 
bypass procedure and in 14 patients undergo- 
ing a left lateral thoracotomy for repair of hiatal 
hernia. Included in the study were patients un- 











THORACOTOMY - 
P«.01 


dergoing elective operation who had no past 
history of cardiac failure. Patients previously 
Operated. on for cardiac disease were excluded. 

The average age of patients having a ster- 
notomy was 48 years and that of patients having 
a thoracctomy, 51 years. The average duration 
of the oreration was 4 hours 20 minutes for a 
sternotomy, and 3 hours 45 minutes for a 
thoracotcmy. 

We chose to employ two relatively simple 
measurements of lung mechanics—vital capac- 
ity and peak airway flow. These measurements 
are easilv made at the bedside, even in the 
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postoperative period. Vital capacity was chosen 
because it has a high degree of reliability and 
reproducibility, and because, for more than 
fifty years, i: has been the standard for deter- 
mining the ventilatory defect caused by various 
operations [2]. 

Peak flow was selected because it is consid- 
ered to be a better predictive measurement of 
the ability to produce an adequate cough than 
either the vital capacity or the one-second vital 
capacity measurement. Furthermore, altera- 
tions in maximal respiratory flow rate appear to 
correlate best with the incidence of postopera- 
tive respiratory complications [11]. 

All measurements were made at the bedside 
with the patient in the sitting position. Vital 
capacity was measured with a standard 9-liter 
respirometer, and peak flow was measured 
with a Wright Peak Flow Meter (Airmed Ltd, 
Harlow, England). Measurements were made 
before operation and 2, 4, and 7 days after oper- 
ation. They were done in triplicate on each oc- 
casion, and the mean of the three values was 
used. The postoperative measurements were 
made at least 2 hours following the adminis- 
tration of any analgesic. l 

Results of the pulmonary function studies are 
shown in Figure 3. Both vital capacity and peak 
flow fell markedly after operation in each 
group, with a loss of 50% or more of preopera- 
tive function on the second postoperative day. 
On that day there was no significant difference 
between the two groups, but subsequently the 
patients who had a sternotomy showed a more 
rapid recovery. Four and 7 days after operation, 
the difference between the groups was statisti- 
cally significant (p < 0.02, Student t test) for 
both vital capacity and peak flow measure- 
ments. At one week following operation, peak 
flow had returned to 80% of the preoperative 
value for patients who had a sternotomy com- 
pared with 64% for patients who had a thora- 
cotomy. Vital capacity had returned to 71% of 
the preoperative value for those having a ster- 
notomy compared with 58% for those having 
a thoracotomy. 


Comment 
Despite the popular opinion that median ster- 
notomy causes less pain and pulmonary dis- 


- 


ability than thoracotomy, previous studies have 
found little, if any, measurable difference in 
postoperative lung function between patients 
undergoing median sternotomy and those un- 
dergoing lateral thoracotomy [5, 7, 9]. Those 
studies, done more than a decade ago, included 
in the group undergoing sternotomy patients 
with major cardiac disability who were under- 
going a major procedure with the use of pro- 
longed periods of cardiopulmonary bypass. In 
such patients, factors other than incisional dis- 
comfort may play a major role in depression of 
postoperative pulmonary function. In our study, 
on the other hand, patients who had a ster- 
notomy were healthy, by and large, and were 
undergoing an elective coronary bypass proce- 
dure for angina pectoris. 

The measured differences in peak flow and 
vital capacity between the two groups of pa- 
tients we studied were significant after the sec- 
ond day. Even the measured differences, how- 
ever, do not adequately reflect the lesser 
morbidity associated with a sternotomy. For 
purposes of this study, we assumed that inci- 
sional discomfort was the major determinant of 
postoperative lung function in both groups of 
patients, even though additional factors may 
have had a selectively adverse effect on results 
in the patients who had a sternotomy. Previous 
studies have demonstrated deterioration of 
lung function due to cardiopulmonary bypass 
[1, 3, 6, 10]. They have shown that total respi- 
ratory compliance (lung and chest wall) is re- 
duced more markedly with open-heart proce- 
dures compared with operations done without 
bypass through similar incisions [3]. In one 
study [10], no significant change in functional 
residual capacity was found after thoracic oper- 
ations in which no lung tissue was removed, 
whereas another study documented a decrease 
in functional residual capacity following ex- 
tracorporeal circulation [6]. 

We carried out preliminary postmortem dis- 
sections before performing our initial ster- 
notomy. These dissections demonstrated that 
the pulmonary ligament on either side can be 
divided under direct vision and that once this 
ligament is divided, access to more remote areas 
of the lung is greatly improved. The use of a 
double-lumen tube for anesthesia permits the 
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lung to be collapsed if necessary, and this im- 
proves exposure. A double-lumen tube was 
employed in all patients, though it was-not al- 
ways necessary to collapse a lung. o 

When a major resection is to be done on only 
one side, both sides should be initially explored 
and minor resections performed before a 
lobectomy is done. This allows the collapse of 
each lung separately as necessary. If a lobec- 
tomy is performed as the initial resection, how- 
ever, it may be hazardous to subsequently col- 
lapse the other lung during a resection on that 
opposite side. We usually closed the pleura 
on each side following pulmonary resection, 
though occasionally, part of one pleural space 
was left open to the mediastinum for drainage. 

Use of the median sternotomy for resection of 
emphysematous bullae warrants particular em- 
phasis. In such patients, a severe degree of 
obstructive pulmonary disease is usually pres- 
ent, and the superimposed loss of respiratory 
function due to incisional pain may be poorly 
tolerated. The reduced morbidity associated 
with median sternotomy appears to be a dis- 
tinct advantage. Furthermore, these patients 
often have bilateral bullous disease for which, 
staged bilateral thoracotomies have been done 
in the past [13]. In one report of 84 patients 
undergoing thoracotomy for bullous em- 
physema, 11 subsequently required contralat- 
eral thoracotomy for resection of bullae [4]. 
With the median sternotomy, opening the other 
pleural space to resect contralateral bullae is a 
minimal addition to the operation, may provide 
more complete relief of symptoms, and may 
spare the patient a future operation. 

The use of median sternotomy for pulmonary 
procedures is not anew approach, and previous 
bilateral wedge resections of lung using this 
approach have been reported. It is likely that a 
sternotomy for lung operation will be employed 
primarily in patients with bilateral lung lesions, 
both benign and malignant. We do not recom- 
mend routine use of median sternotomy for 
lobectomy because this approach is less familiar 
to the surgeon and may be technically more 

difficult than resection through a standard 
thoracotomy. However, our experience does 
suggest that more complex pulmonary resec- 
tions are possible through a median sternotomy 


when the appropriate indication exists. For 
example, we know of two instances in which 
median sternotomy was employed in a combi- 
nation of pulmonary resection and coronary 
artery bypass operation.** In one instance, a 
right upper lobectomy and left coronary artery 
bypass were done, and in the other a right 
upper and middle lobectomy were combined 
with & double coronary artery bypass. 

Our experience supports the previously doc- 
umented merit of median sternotomy in 
selected patients with bilateral pulmonary le- 
sions. 3ecause of its lesser postoperative mor- 
bidity, sternotomy may be a useful approach 
for unilateral resection in some patients with 
severely impaired pulmonary function. Median 
sternotomy may be especially appropriate for 
resecticn of emphysematous bullae because it 
permits bilateral exploration and produces the 
least pcstoperative morbidity. 
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Discussion 

DR. HIROSHI TAKITA (Buffalo, NY): The routine ap- 
proach to lung resection has been either lateral 
thoracotomy or posterior approach, but I think there 
is no reason why the anterior approach by ster- 
notomy cannot be used. We, too, have thought that a 
median sternotomy might result in less postopera- 
tive pain compared with lateral thoracotomy. Dr. 
Cooper's group has proved this by a study of pulmo- 
nary function. For resection of bilateral lung lesions, 
the median sternotomy is naturally superior to 
staged bilateral thoracotomy because the latter re- 
quires a painful operation twice. 

Regarding a technical point, we also found that 
freeing all adhesions and both inferior pulmonary 
ligaments helps the procedure. 

We found pneumonectomy to be very easy with 
the help of staplers. As for lobectomy, we do not 
have much experience. To date we have done 8. I 
found the most difficult procedure to be the left lower 
lobectomy because it requires retraction of the heart, 
takes time, and is tedious but not impossible. I 
would like to add that mediastinal lymph node dis- 
section can be performed through a median ster- 
notomy, and, surprisingly enough, the subcarinal 
lymph nodes can be reached. 

Our experience in Buffalo involves 71 median ster- 
notomies in 62 patients. Most of these patients had 
metastatic lung disease bilaterally and some had 
mediastinal lymph node metastases. Four patients 
had bronchogenic carcinoma. We did 51 local lung 
excisions, 8 lobectomies, 4 pneumonectomies, and 
8 mediastinal node dissections. 

I agree that one indication for median sternotomy 
is bilateral lung lesions. Another is the presence on 
roentgenograms of unilateral multiple lung metas- 
tases. If the contralateral lung is explored sometimes 
undetected lung metastases are found. We experi- 
enced this in 3 of our patients. 


DR. HAROLD C. URSCHEL, JR. (Dallas, TX): This excel- 
lent paper by Dr. Cooper and his group is one of the 
more important contributions to thoracic surgery in 
the last several years, as far as I am concerned. But, I 
would take further Dr. Cooper’s summary statement 


that he does not recommend this approach for 
routine lobectomy or pulmonary resection. I believe 
that for routine pulmonary resection the median 
sternotomy should be used for everything but a left 
lower lobectomy. Initially, we were interested in the 
median sternotomy primarily for patients with bor- 
derline function because we thought it decreased 
pain and caused less morbidity. We still use a Na- 
clerio table in the prone position. But the supine 
position offers the same advantage as the prone po- 
sition. In addition, the patient can ventilate more 
easily, pus or blood can be drained more easily, and 
after operation the patient is without the pain caused 
by a lateral thoracotomy. 

Initially, we performed 10 resections concomi- 
tantly with cardiac procedures using coronary bypass; 
subsequently, we have done 8 for lobectomy and 
found that every lobe except the left lower lobe is 
amenable easily to this technique if the double- 
lumen tube is used. For 7 years we have used the 
Robertshaw double-lumen tube with an intraarterial 
line for all lateral thoracotomies. Therefore, we are 
ventilating the patient with a downside lung while 
the upside lung is flaccid and easy to work with. 
However, with the patient in the supine position 
when a median sternotomy is performed and when 
the double-lumen tube is used, the lung that is being 
operated on is extremely easy to deal with, even 
when posterior aspects are involved, such as in bron- 
choplasty. Also, the other lung has much more free- 
dom to ventilate since it is in the supine position. 

I know that Dr. Cooper intended to use this posi- 
tion for a transplant procedure. I would like to ask 
whether he has, indeed, used it. And I repeat that 
from the point of view of clinical impressions of de- 
creased pain and morbidity, this is an ideal technical 
incision to use for all lobectomies except that of the 
left lower lobe. 


DR. ROBERT W. RIEMER (Providence, RI): I think the 
Dallas group have been so busy with the median 
sternotomy, they have probably forgotten how to do 
a posterior lateral thoracotomy. I want to comment 
about the complication rate of the sternotomy versus 
the posterolateral thoracotomy. The authors have 
said nothing about the complication rate with ster- 
notomies. I am sure it is greater with the median 
sternotomy than the posterolateral thoracotomy: e.g., 
the breakage of wires and incidence of infection with 
much more devastating results. 


DR. EMIL NACLERIO (New York, NY): I have been 
teaching for years that a surgeon never knows the 
true nature and extent of the intrathoracic disease 
process until the chest is opened. I, therefore, would 
like to ask Dr. Urschel, who has stated that the me- 
dian sternotomy should be used for all upper and 
middle lobe involvements, what he would do if at 
operation he found an associated densely adherent 
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diseased lower lobe that also required excisional 
therapy? 


DR. L. PENFIELD FABER (Chicago, IL): I believe it 
would be difficult to accomplish a pulmonary resec- 
tion through a sternotomy if a prior sternotomy or 
thoracotomy has been done. With this in mind, I ask 
Dr. Cooper two questions. If bilateral pulmonary 
metastatic disease develops again after previous 
sternotomy and bilateral resection, would he repeat 
the procedure through the same sternotomy to ac- 
complish a bilateral resection? 

The second question concerns the performance of 
bilateral pulmonary resection through a sternotomy 
if a prior thoracotomy has been carried out. Decorti- 
cation and resection might be technically difficult 
through a sternotomy because of adhesions from the 
previous thoracotomy. 


DR. COOPER: I am pleased to see that there are some 
differing opinions. It is a little embarrassing to pre- 
sent a paper and have a couple of discussants get up 
and say "Where have you been all this time?" Cer- 
tainly, Dr. Takita and Dr. Urschel have a greater ex- 
perience than ours, and I am pleased to learn that 
they have had similar impressions, namely, that with 
the right indications, sternotomy is useful for major 
pulmonary resections. 

As far as the complication rate is concerned, this is 
outlined in the manuscript. Most of our patients 
were discharged from the hospital by the seventh'or 
eighth day after operation, and there were no com- 
plications relating to the procedure, though the 1 pa- 
tient in whom I did a bilateral lower lobectomy may 
be an exception. Immunosuppressives had been 
administered to this patient, and she had numerous 
problems. It is possible that her death resulted in 
part from our trying to do too much. It should be 
emphasized that if a sternotomy is used in an in- 


stance of bilateral disease, there is no harm in doing 
one side, closing, and doing the other side with a 
thoracotomy at a later date. Nothing is lost in that 
type of a judgment situation. 

Regarding Dr. Faber's comments, I personally at 
this time would not do a sternotomy if a thoracotomy 
or sternotomy had been done previously, but with 
increasing experience, I might change my mind. I 
think it is a question of a learning process. The vi- 
sualization with a sternotomy is rather good, and I 
think that working anteriorly, laterally, and then 
posteriorly one can progressively divide adhesions 
between the lung and chest wall. We have done some 
postmcrtem dissections in addition to our clinical 
procedures to familiarize ourselves with the ap- 
proach. I would not use this approach, at least right 
now, if there were many adhesions in the chest nor 
do I personally have any experience with such a cir- 
cumstance. 

Dr. Urschel asked a question about the lung trans- 
plant. Dr. Nelems was primarily responsible for de- 
ciding on the technical aspects, and he did consider 
doing the transplant through a median sternotomy 
because of the lessened morbidity. However, after 
repeated postmortem dissections, he decided that 
the venous anastomosis would be a little too dicey 
from this approach and chose a standard right 
thoracotomy. 

As for Dr. Naclerio’s suggestion, I believe Dr. 
Urschel commented specifically on the left lower 
lobe, not on both lower lobes. Furthermore, there are 
ways out of a difficult situation. For example, while it 
is not an attractive prospect, the T incision through 
the fifth interspace could be used. This might cause 
morbidity, but it is a means of escape if the occa- 
sional patient is chosen incorrectly. I do think it is 
possible to select in advance a group of patients who 
can profit from a median sternotomy approach. 


Median Sternotomy Dehiscence 


William S. Stoney, M.D., William C. Alford, Jr., M.D., George R. Burrus, M.D., 
Robert A. Frist, M.D., and Clarence S. Thomas, Jr., M.D. 


ABSTRACT Sternal dehiscence requiring reopera- 
tion occurred in 36 out of 4,531 patients who had a 
sternotomy incision within an eight-year period. 
Twisted sternal wire sutures were used for the first 
four years and a crimped steel plate fixation was 
used during the second four years with a marked and 
significant decrease in the incidence of dehiscence 
from 17 out of 1,000 patients to 3 out of 1,000 pa- 
tients. Thirty-five of the 36 patients were men, and 4 
required reoperation for bleeding. Other factors 
such as mammary artery dissection, tracheostomy, 
and body weight of more than 82 kg were not 
significant. Although infection was noted in 20 
patients, it was thought to be secondary. Early reop- 
eration with antibiotic irrigation achieved wound 
stability in the 34 survivors with only 3 patients 
requiring additional procedures for chronic os- 
teomyelitis of the sternum. 


Sternal dehiscence following cardiac surgical 
procedures is a particularly serious complica- 
tion because it may cause exposure and con- 
tamination of the heart and mediastinum, 
prosthetic materials, and grafts or cardiac su- 
tures, and could lead to chronic osteomyelitis of 
the sternum. 

Since 1957 when Julian and co-workers [6] 
advocated median sternotomy for cardiac surgi- 
cal procedures, a number of reports of ster- 
notomy complications have been published 
[1-5, 8]. Comparing these reports with our own 
experience has raised a basic question con- 
cerning the major problem of sternal incisions. 
The most common problem in our experience is 
dehiscence, with separation of the sternal edges 
and associated wound instability. In contrast, 
the reports focus primarily on wound infection 
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and sternal osteomyelitis, thereby suggesting 
that dehiscence is secondary. Since the princi- 
ples of treatment of these two problems may 
dictate different objectives, this difference is 
basic to the subsequent treatment. 


Clinical Material 
Between January, 1970, and December, 1977, 
4,531 patients had a median sternotomy for car- 
diac surgical procedures at St. Thomas Hospi- 
tal. Of these patients, 4,077 were undergoing 
operation for coronary artery disease, and 454 
had replacement of one or more valves. Twenty 
percent of the patients were women and 8096 
were men. During this period, 36 patients were 
reoperated on for repair of a major dehiscence 
of the sternotomy incision. Previously, 19 
of them had had a coronary bypass utilizing 
saphenous veins. Six of the 36 patients had a 
vein bypass plus a single mammary graf:, 4 ad- 
ditional patients had a bilateral mammary graft, 
4 had valve replacement, and 3 had coronary 
bypass plus excision of a ventricular aneurysm. 
The sternum was divided with a motor- 
driven reciprocating saw, and hemostasis was 
accomplished with electrocautery and bone 
wax. At the end of the procedure, the sternum 
was approximated with five to nine sutures 
(average, 6.1) of No. 5 stainless steel wire. Be- 
tween 1970 and 1974, the wires were placed 
through the sternum with a swedged-on sternal 
needle or sternal awl and were twisted manu- 
ally until tight. From mid-1974 through 1977, 
the wires were placed with a swedged-on nee- 
dle and then were fixed with a stainless steel 
crimped locking plate after having been tight- 
ened with a tension sternal approximator"* [9]. 
When dehiscence was recognized, each patient 
was returned to the operating room, and sec- 
ondary closure was accomplished using multi- 
ple stainless steel wires with twisted or crimped 
fixation. Antibiotic irrigation with closed 


*Wolvek approximator, Pilling Co., Philadelphia, PA. 
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drainage of the wound was used in those pa- 
tients suspected of having infection at the time 
of secondary closure. Irrigation was discon- 
tinued after 72 hours. All patients received 
antibiotics starting 2 hours before the primary 
operation and continuing until the patient was 
afebrile or until the wound healed. 


Results 
When complete dehiscence of the sternum oc- 
curred, the wires were found to have cut com- 
pletely through the sternum, usually dividing 
one side into multiple fragments. Wire break- 
age was unusual. With partial separation, the 
findings were similar: the wires were still intact 
but were partially cutting through the sternum. 
Although retwisting the wires accomplished 
sternal closure in 2 patients, the remainder 
were treated by removal of all wires and re- 
placement with new wires. When one side of 
the sternum was fragmented, a separate wire 
was used for each fragment and was reinforced 
with lateral wires or figure-of-eight sutures [7]. 
In 16 patients, wound cultures revealed no 
bacteria. Cultures of the wounds of the re- 
maining 20 patients showed a variety of bac- 
teria. Two patients were found to have 
Staphylococcus aureus, 10 had gram-negative 
Enterobacter organisms, and 8 were found to 


have a low-grade pathogen such as Staphylococ- | 


cus epidermidis or diphtheroids. In 28 patients 
the wound healed promptly, and in three it 
healed after draining for several months. 
Chronic osteomyelitis developed in 3 addi- 
tional patients. It required multiple operative 
procedures but ultimately did after one to 
three years. 

Risk factors for sternal dehiscence were ex- 
amined. The percentage of patients weighing 
more than 82 kg or with a body surface area 
greater than 2 square meters was less in pa- 
tients with sternal dehiscence than in the entire 
group of patients. Only 1 female patient had 
sternal separation compared with a female: 
male ratio of 1:5 for patients without separa- 
tion, indicating a significantly decreased risk for 
women. The incidence of dehiscence following 
reoperation for postoperative bleeding was sig- 
nificantly increased, and twisted wires were as- 
sociated with dehiscence in a much higher ratio 
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Fig 1. Male sex, twisted wires, and reoperation for 
bleeding were significant risk factors; bilateral mam- 
mary artery dissection was not. 


than crimped wires (Fig 1). Four patients with 
bilateral mammary artery dissection required 
reoperation for sternal separation, but this was 
not found to be statistically significant. Other 
risk factors such as single mammary artery dis- 
section, tracheostomy, and low cardiac output 
could nct be concluded to be significant for de- 
hiscence. 

A corr parison was obtained between the rel- 
ative strength of twisted and crimped wires. 
Eight wires were formed into a loop in the ap- 
proxima:e shape used for a sternotomy closure 
with the ends twisted, and eight similar wires 
in a similar configuration were fixed with a 
crimped steel plate. Each loop was then sub- 
jected to a gradual increase in tension at 0.5 cm 
per minute, and the stress was recorded in kilo- 
grams. Twisted wires began untwisting at an 
average of 22.5 kg, and all gradually separated 
or fractured at 32 kg or less (Fig 2). Crimped 
wires bezan to stretch slightly at 32 kg, but all 
held until 64 kg or more was reached. The 
crimped fixation is, therefore, stronger than 
twisted f:xation, and the final failure of crimped 
wires was at twice the tension of twisted wires. 

All of the 34 survivors ultimately had a com- 
pletely healed incision. Two patients died 
within 3€ days of the primary sternotomy, 1 of 
respirato-y failure and pneumonia 23 days after 
coronary bypass and the other following a ce- 
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Fig 2. Tension tests were done with No. 5 stainless steel 
twisted and crimped wires. Load was 0.5 cm per minute. 
Under tension, twisted wires began untwisting at an 
average of 22.5 kg. Crimped wires began stretching at 
32 kg but did not separate at less than 72 kg. 


rebral embolus, which occurred during the 
operative procedure. 


Comment 

Previous reports of complications of sternotomy 
incisions have placed great emphasis on the 
problem of wound infection with the implica- 
tion that infection leads to sternal separation 
[3]. Our experience with this problem suggests 
that sternal dehiscence is similar to wound de- 
hiscence in other locations and is usually a me- 
chanical and technical problem. Evidence sup- 
porting this view includes the observation that 
in every instance of sternal separation the wires 
had cut deeply or completely through the ster- 
nal edge. Also, a marked reduction in the inci- 
dence of sternal separation was accomplished 
by changes in technique; for example, switch- 
ing from twisted wires to crimped wires, and 
placing the wires around the sternum and as 
widely as possible in the manubrium. 

Sternal dehiscence is associated with unusual 
incisional pain, fever, or both. As in other 
wound separations, the sudden appearance of 
serous or cloudy fluid frequently indicates sep- 
aration of the deepest layer of the wound. 
However, the most reliable diagnostic sign of 
sternal separation is palpable separation of the 
sternal edges when the patient coughs. 

Observation of the wounds of patients sug- 
gests that the negative pressure of inspiration 
creates slight suction on the wound edges if the 
sternum has separated. As the wound disrupts 
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below the skin, bacterial contamination can 
occur through the skin edges. For this reason, it 
appears that wound infection is commonly sec- 
ondary to sternal separation. The majority of 
problems associated with sternal instability ap- 
pear to be primarily mechanical rather than 
bacterial, and treatraent should be directed to- 


' ward reestablishing sternal stability. Antibiotic 


irrigation has been shown to be highly effective 
in the control of infection if contamination has 
occurred [2]. In our experience, open treatment 
of sternotomy separation has not been neces- 
sary, and the high morbidity and mortality of 
open treatment reported by others adds to the 
undesirability of this approach [4]. 

The use of a tension sternal approximator 
with crimped brad fixation was associated with 
a reduction of sternal dehiscence from 17 out of 
1,000 patients who had twisted wires in 1970 to 
3 out of 1,000 patients who had crimped wires 
in 1977. However, it should be noted that subtle 
changes in operative methods, such as in- 
creasing the number of sternal wires, wide 
placement of the wires, or placement of wires 
around the sternum, have also played a role in 
the decreasing incidence of sternal complica- 
tions in these patients. 
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Discussion | 

DR. ALFRED T. CULLIFORD (New York, NY): We are 
indebted to Dr. Stoney and his associates for a clear 
and lucid presentation. Their excellent results with 
this postoperative complication are most gratifying, 
and their data suggest that sternal dehiscence is 
primarily a mechanical failure of sternotomy closure; 
only 6096 of wounds showed a positive culture after 
Operation. 

Our experience at New York University Medical 
Center was reviewed previously and can now be up- 
dated briefly. All sternotomy incisions were closed 
with stainless steel wire. The firstitwo wires pass 
through the manubrium and the remaining three or 
four pass through the interspaces adjacent to the ster- 
num. Care is taken to avoid contact with the costal 
cartilages. Considerable attention is given to se- 
quentially twisting the wires down, achieving per- 
fect apposition before the soft tissues are closed. 
Pericardial closure is routinely carried out in all pa- 
tients. 

We have treated these nosocomial infections by 
radical débridement of the mediastinum, sternal 
edges, and overlying soft tissues followed by closure 
and antibiotic irrigation for 7 to 10 days. The rate of 
infection for the last six years is 1.2% for more than 
5,000 consecutive patients having a sternotomy. In 
contrast to Dr. Stoney’s experience, the most com- 
mon pathogen was Staphylococcus albus, and we have 
rarely recognized a gram-negative organism. Em- 
ploying the treatment regimen just mentioned, we 
have a success rate for early infection of 90%. Our 
policy of pericardial closure has prevented extension 
of infection to underlying structures and has con- 
fined all infections to the immediate retrosternal 
space. | 

I would like to ask Dr. Stoney about his antibiotic 


prophylaxis before operation, and about guidelines 
he may use in the management of patients who have 
"sterna: clicks" after operation but who appear to be 
doing well otherwise. 


DR. IVAN A. MAY (Oakland, CA): Dr. Stoney's experi- 
ence and conclusions are very similar to our own. We 
control szernal bleeding with a pack held by pericar- 
dial tracion sutures. We do not use bone wax be- 
cause we think it may interfere with healing. We 
close the sternum using eight or nine sternal wires, 
three of which are in the manubrium. We use the 
same number of wires in the elderly patient with a 
spongy sternum because they cut through more eas- 
ily. Tigh: sternal closure reduces motion and heals 
better, is less painful, and allows better breathing so 
fewer pu monary problems arise. 

Sternal wires are twisted two and a half times and 
then are zut. Pulling up on the wires with a needle 
holder assures uniform tension on all of them. A little 
bit of a Y at the bottom of the suture is seen, and, as 
these wires are twisted around each other to elimi- 
nate the Y, uniform tension is obtained. Wires do not 
break or cut through one by one. A subcuticular skin 
suture is used. We think it helps prevent skin sep- 
aration because it is not removed. 

Out of Dur most recent 1,200 patients, 7 have had 
sternal problems. Complete dehiscence occurred in 3 
of these Datients and sternal separation in 4, 3 of 
whom had drainage of old blood or serum in one 
area. In the other patient, the skin was entirely in- 
tact. Thre2 of these patients had been reoperated on 
for bleeding and 1 for delayed tamponade 4 days 
after operation. Our experience indicates that reop- 
eration increases the likelihood of sternal separation. 
Two add:-ional patients had pulmonary problems. 1 
had a tracheostomy; the other coughed hard and de- 
hiscence cccurred. 

At reoperation 2 patients had one or two broken 
wires. In the other 5 patients, wires had cut through 
the sternum. In all 7 patients, the wound was 
promptly reclosed using local antibiotic irrigation 
and leavirg in a mediastinal tube. One patient, who 
had had mitral valve replacement, tricuspid an- 
nuloplasty, and four coronary bypass procedures be- 
came infected secondarily and died of antibiotic- 
induced renal shutdown despite dialysis. Another 
patient had no problems with the sternum after re- 
wiring but died of a stroke 11 days after reoperation. 
The other 5 recovered uneventfully. 

In conclasion, we agree with Dr. Stoney. Sternal 
dehiscence is usually a mechanical problem. It is 
prevented by closure using uniform tension on many 
wires. It is increased by reoperation for bleeding and 
by lung problems. It is repaired by prompt reclosure. 


DR. CHARLES M. PEARCE (New Orléans, LA): I support 
the recommendation of Dr. Stoney and his associates 
for use of the Wolvek sternal approximator and 
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crimping device. We had a number of problems with 
sternal dehiscence and associated infection, and 
began using the device shown this afternoon. We 
have used it in our most recent 400 consecutive pa- 
tients and have had very little trouble with sternal 
dehiscence. It has not eliminated the problem com- 
pletely, but we believe it has been extremely helpful. 
The use of sternal twisted wires is dependent to a 
large extent on the proper application of these wires 
and their twisting, and I think that closure can be 
more securely accomplished with the Wolvek ap- 
proximator. In addition to reducing the likelihood of 
dehiscence, the approximator also reduces the likeli- 
hood of loasening of the sternum, which is a major 
cause of pcstoperative pain. By reducing this pain, 
one certainly enhances the comfort of the patient and 
increases the likelihood of better coughing and pul- 
monary toilet. 

I add a cautionary remark about the device. Care 
must be taxen that the wires are not approximated 
‘too tightly. The Wolvek approximator is very pow- 
erful, and if it is snugged down too hard, it may cut 
through the sternum. Early in our experience this 
was done, and we found a tiny ring of wire on the 
postoperative roentgenogram. 


DR. RODMAN E. TABER (Grosse Pointe, MI): I would 
like to make two points. Dr. Stoney mentioned the 
cutting through of sutures, which is indeed a prob- 
lem. This occurs when the sternotomy is made by 
carrying the incision too close to one edge of the 
sternum. It will not matter what kind of suture mate- 
rial is used or where the sutures are placed in the 
sternum if there is no cortical bone left on one side to 
hold sutures. That is why closure with the figure-of- 
eight suture was originated about ten years ago. It 
has been found quite successful in preventing sternal 
disruption because it is not dependent on the body 
of the sternum being intact but rather uses a pur- 
chase on the flared end of the costal cartilages. 

The second point concerns the placement of a ster- 
notomy incision in women. If a short incision is 
made across the second costal cartilage at the 
cephalad end of the vertical incision, the upper limit 
of the incision is kept low enough that the patient 
will not have to wear turtleneck sweaters all the time. 


DR. LAWRENCE I. BONCHEK (Milwaukee, WI): I rise 
with some hesitancy because any discussant of this 
paper is at risk of being considered an expert on ster- 
nal dehiscence. However, since the major problem is 
erosion of wires through the sternum, it is not clear 
to me why the device reported should make so 
dramatic a difference, particularly since we have 
. been told that it is possible to overtighten the wires 
with this device. 

I would like to redirect your attention to the use of 
Parham steel bands placed around the sternum. We 
reported this method in The Annals of Thoracic Sur- 
gery in 1976. The bands are made of stainless steel, 


they are orthopedic instruments, and they were 
originally designed for treating spiral fractures of 
long bones. They are about 3mm wide and will not 
erode through the sternum. We do not use the bands 
routinely, but have employed them in more than 150 
patients for whom we were uncertain whether a 
standard closure would work. These are patients 
with extreme obesity, debility, or osteoporosis, and 
patients who are undergoing a reoperation because 
of dehiscence of the standard closure. Complete im- 
mobilization of the sternal halves is the key to pri- 
mary healing, and Parham bands inevitably achieve 
this objective. 

I was surprised that body size or weight did not 
make a significant difference between those who ex- 
perienced dehiscence and those who did not in the 
face of an overwhelming number of male patients. I 
would have expected this to inevitably make size 
and weight important. Perhaps all of the women who 
had dehiscence were unusually obese, which bal- 
anced out the weight difference in the two groups. 


DR. AGUSTIN ARBULU (Detroit, MD) I want to stress 
that once dehiscence is complicated with wound in- 
fection, a deep sternal wound infection, it is impor- 
tant to adhere to some important principles. Our ex- 
perience includes more than 500 patients with 
median sternotomy incisions of whom 4 had sternal 
infections. We consider it mandatory to achieve 
wide drainage and débridement of the sternal 
wound. Of our 4 patients with osteomyelitis of the 
sternum, 1 required removal of the entire sternum. 
He had hemodynamic or ventilatory difficulties. He 
died 2 weeks after operation because the deep sternal 
and mediastinal infection was caused by Mycobac- 
teria chelonei. This clinical case has been reported. I 
emphasize that it is extremely important to achieve 
wide drainage, débridement, ventilatory support, 
and prolonged antibiotic coverage in the manage- 
ment of these patients. 


DR. STONEY: I would like to thank the discussants for 
their remarks and questions. Dr. Culliford asked 
about antibiotic treatment of patients undergoing 
operation for median sternotomy dehiscence. All of 
our patients receive antibiotics before operation and 
for 3 days after operation; then if they appear to be 
doing well, the antibiotics are discontinued. Obvi- 
ously, for patients with fever and external drainage, 
antibiotics are continued. We used Keflin (cepha- 
lothin sodium) originally and are using Cefadyl 
(sterile cephapirin sodium) at the present time. 

I agree with Dr. May that increasing the number of 
wires probably is a good principle, particularly in 
patients with a soft or osteoporotic sternum. We do 
this almost without thinking about it. Any surgeon 
who reoperates on a patient because of sternal dehis- 
cence would tend to put more wires in the sternum at 
the second procedure. 

Dr. Pearce mentioned a very important point, i.e., 
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that the Wolvek approximator can cut completely 
through the sternum. It can cut completely through a 
rib also. We use it occasionally on thoracotomy inci- 
sions. There is a learning curve, and our residents 
occasionally make the sternotomy wires too tight. 
Recently we had two instances of dehiscence that oc- 
curred during the first month a new resident was on 
our service. He had tightened the wires too much so 
that they had the appearance of finger rings; sub- 
sequently, they dehisced. 

We have used figure-of-eight wires for a compli- 
cated sternotomy dehiscence in which the sternum 
was fragmented. We also sometimes weave wires in 


and out laterally along the sternum before placing the 
sternal wires to get better purchase. 

Dr. Bonchek is absolutely right that a broad band 
does not zut like a wire. I believe the reason that the 
wires we use do not cut is that we use multiple wires 
and thereby distribute the load throughout. The En- 
gineering Department at Vanderbilt suggested that 
we use stainless steel tubing, which would employ 
the same idea of utilizing a broad base. 

There is one point that is still intriguing to me. 
Looking at this problem, one group sees infection 
and anotrer sees dehiscence. I wonder if both are not 
seeing the same problem. 





Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifyingiexamination. 
In 1979 only, the two parts of the examination 
will be given together. The time and place is 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminaticns will be announced later. 

Please address all communications to the 
Americar. Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 
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Af Medtronic 


SEE FOLLOWING PAGE FOR MORE DETAILS ON THE 
MIREL PACEMAKER FROM MEDTRONIC. 


*This demonstration unit does not contain battery or electronics, but 
approximates the Mirel pacemakers physical characteristics —such as 
connector, size, shape and weight. Packaged in a handsome jewelry 
case, it is ideal for showing to patients, demonstrating at seminars, etc. 


SHOWN ACTUAL SIZE 





MIREL PACEMAKER 
FROM MEDTRONIC: 


Our new lithium-powered Mirel pacemaker is SO compact— yet it contains all the performance features 
you've come to expect from Medtronic lithium pacemakers, including Constant Rate, Constant 
Energy, superior electromagnetic interference protection and more. And although the Mirel pace- 
maker is a step down in size, its a step up in quality. This unique combination of smaller size plus a 
| design that provides improved reliability and quality is possible dueto Medtronic's exclusive advances 





in microcircuitry. 


Simplified Assembly for High Reliability. 


The Mirel pacemaker has only 21 separate 
components as compared to 40 in its lithium 
- predecessor. Benefit: less chance of component 

failure, fewer connections subject to failure. 
. Mirel pacemaker components are fused by re- 
sistance welding rather than soldering. Benefit: 
reduced possibility of contamination. 

The Mirel pacemaker uses hermetically sealed 
mini-paks inside hermetically sealed hybrids. 
Benefit: circuitry is enclosed in a redundant pro- 
tected environment—an additional safety fea- 
ture for your patients. And, these "mini-paks" 
are easily and repeatedly tested before they are 


connected to the hybrid substrate. Tests include 
centrifuge, temperature and burn-in cycles, her- 
meticity, shock and, of course, visual microscopic 
inspection. 
Pacing for Life™ Warranty 
Another advantage, all Mirel-VL (ventricular- 
long-lived} pacemakers are covered by the 
Medtronic Pacing for Life™ warranty. If, during 
the life of your patient, the Mirel-VL pacemaker 
fails for any reason, Medtronic will provide a 
replacement product at no charge and give the 
same warranty on the replacement product. 
There's much more to the Mirel story. Ask your 
Medtronic representative for details. 


MEDTRONIC* IMPLANTABLE PULSE GENERATORS 


intended Uses--Ventricular pacing using an implantable ventricular pulse generator is tor long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of 
intended uses). 

Contraindications — There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patients age 
and medical condition, however, may dictate the particular pacing systems and implantation procedure used by the physician. 

Warnings —Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical 
units should never be used in the vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse generator/lead. Pulse generators may be damaged by defibriliatory discharges 
if the paddies are placed over the implanted pulse generator. 

Precautions--The physician should be aware that all pulse generators will ultimate'v cease to function and may fail at any time due to random 
component or battery failures which cannot be predicted prior to failure, Also, that the pacing system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue formation, and elevated thresholds, and that proper operation may be affected by 
electrical interference from equipment using electrical energy, or medical complicatior s. 

Side Effects —Body rejection phenomena, including local tissue reaction, muscle and nerve stimulation, infesti. erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and cardiac tamponade. 





MIREL 


SHOWN ACTUAL SIZE 
(Typical Physical Specificztions) 
Weight —60 grams « Diameter— 53 mm 
Thickness (center) —15 mm © Thickness (edge) —11 mm 
Available in unipolar and bipolar configuration. 


Mirel "VL. has 2.2 amp hour lithium-iodine power source. 
Mirel™-VM has 1.8 amp hour lithium-iodine power source. 
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Ventricular Bypass in the Calf and Humans 


William F. Bernhard, M.D., C. Grant LaFarge, M.D., 
Robert H. Liss, Ph.D., Michael Szycher, M.S., Robert L. Berger, M.D., 


and Victor Poirier, B.S. 


ABSTRACT Mechanical circulatory support was 
accomplished in 20 calves (mean, 140 days) and in 5 
patients following operation for acquired heart dis- 
ease (range, 1 hour to 8 days) employing a pneumati- 
cally actuated xenograft-valved assist pump inter- 
posed between the left ventricular apex and aorta. 

Following pump implantation in calves, hemato- 
crit and platelets decreased transiently and returned 
to normal within 14 days. Plasma hemoglobin and 
erythrocyte mechanical fragility values were ele- 
vated for 48 hours. Platelet survival was slightly re- 
duced, but erythrocyte survival values were similar 
to controls. In patients who received assist pumps, 
plasma hemoglobin and erythrocyte mechanical 
fragility were transiently elevated, but rapidly de- 
creased to normal. Thrombocytopenia occurred only 
in the presence of bleeding and renal failure requir- 
ing hemodialysis. Pump flow of the left ventricular 
assist device was maintained above 2.0 L/min/m’ de- 
spite serious arrhythmias. Postmortem examination 
revealed no evidence of thromboemboli in the clini- 
cal patients although anticoagulant agents were not 
administered. 


During the past decade, investigations per- 
formed in this laboratory have resulted in the 
development of a series of axiosymmetric, 
double-valved blood pumps interposed be- 
tween the left ventricular apex and thoracic 
aorta [1, 7, 12] These devices were con- 
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templated for potential use in two different 
groups of patients: cardiac surgical patients 
who cannot be weaned from cardiopulmonary 
bypass because of perioperative myocardial 
damage despite the use of pharmacological 
agents and the intraaortic balloon pump (IABP), 
and individuals with chronic myocardial dis- 
ease and a reduced output who require con- 
tinuous circulatory support over a period of 
many months or years [17]. Although this latter 
goal is not achievable at the present time, recent 
progress has resulted in the development of a 
clinical left ventricular assist device (LVAD) 
suitable for short periods of use (1 to 14 days). 
To provide a sufficiently large patient popula- 
tion for evaluation of the pump, it was neces- 
sary to enlist the support of five Boston teaching 
hospitals that joined together in a cooperative 
program [16]. A strict protocol for selection of 
patients was formulated under the sponsorship 
of the National Heart, Lung and Blood Institute, 
National Institutes of Health; only those few 
individuals (approximately 2.0% of the patients 
undergoing cardiac surgery) who failed to re- 
spond to standard measures of cardiac resusci- 
tation could become candidates for implanta- 
tion of an LVAD [16].* Parallel with the clinical 
program, efforts in the laboratory continue to- 
ward development of improved biomaterials, 
advanced pump designs, and an implantable, 
electrical power unit that would permit long- 
term function in patients with extensive myo- 
cardial disease. 

The LVADs employed in the clinical (Model 
X) and animal investigations (Models X and XI) 
have effective stroke volumes of 75 and 85 ml, 
respectively, and are capable of consistently 


*A similar program of the National Heart, Lung and Blood 
Institute employing an earlier model of the LV AD with disc 
valves is in progress at the Texas Heart Institute. 
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lowering left ventricular pressure. With a 
maximum flow capacity of 8.0 liters per minute, 
they can sustain parenchymatous organ perfu- 
sion in both patients and animals with critical 
circulatory decompensation. The LVAD is an 
order of magnitude more effective than the 
IABP since it does not require an intact electro- 
cardiographic signal for actuation and has 
maintained systemic circulation in the presence 
of recurrent episodes of ventricular fibrillation 
[8]. 

In this report, a selected group of 20 calves 
used in experiments employing intracorporeal 
LVAD Models X and XI (mean survival, 140 
days) and 5 patients in refractory cardiogenic 
shock who received a paracorporeal LVAD 
Model X are evaluated. 


Materials and Methods 


Models X and XI Axiosymmetric Blood Pumps 
and External Control System 

The Model X LVAD (weight, 340 gm) consists of 
a titanium housing containing a cylindrical, 
cyanaprene, polyurethane bladder (5.0 cm in 
diameter, 8.7 cm in length) with a stroke vol- 
ume of 75 ml. The Model XI device (stroke 
volume, 85 ml) is also fabricated from titanium 
(weight, 310 gm) and has an improved pump 
bladder composed of linear segmented (poly- 
ether) urethane (Fig 1). This polymer has a 
prolonged flex-life and a resistance to hydro- 
lytic attack. Each blood pump is connected to 
woven Dacron inflow and outflow conduits (2.0 
cm in diameter, 15.0 cm in length), each con- 
taining a glutaraldehyde-preserved porcine 
xenograft valve that is sutured to the graft wall 
before final sterilization. Incorporation of tissue 
valves notably reduces turbulence and trans- 
valvular gradients in these pumps compared 
with earlier pump models and has minimized 
the hazard of thromboembolic accidents. In the 
paracorporeal Model X device, the conduits are 
protected by a series of metal rings embedded 
in a layer of silicone rubber and covered with 
an outer Dacron fabric sleeve. The inflow and 
outflow conduits of the Model XI animal pump 
are protected from compression by wire struts, 
which ensure uncompromised function after 
the device is placed in the left hemithorax. Both 





Fie 1. A Model XI left ventricular assist device is shown 
in the lef: hemithorax of a calf interposed between the 
left ventricular apex and descending thoracic aorta at 
the level of the eighth rib. The pump housing is sutured 
to the lef: hemidiaphragm for stability. The left lower 
lobe becomes molded around the blood pump when the 
lung is expanded. 


pumps are lined with polyester fibrils (25 yw in 
diameter, 250 u in length), which are fixed in 
position by multiple overcoatings of Adiprene 
L-100 polyurethane. This method of fabrication 
has eliminated the possibility of fibril emboli- 
zation roted occasionally in the past [8, 9]. 

A pneumatic tube connects the pump hous- 
ing to a drive console which provides either 
counterpulsation or fixed-rate pumping. For 
synchronization, an electrocardiographic signal 
is processed through a ORS detector, which is 
routed through a time-delay circuit. After the 
delay interval, the pump is actuated if the heart 
rate is within certain specified limits (60 to 120 
beats per minute); outside these limits, the 
pump is driven by a fixed-rate timer. 

A pneumatic monitor consisting of a stroke- 
limiting transducer is integrated into the drive 
console. It is placed in the pneumatic tube be- 
tween the drive console and the blood pump, 
and lim:ts the stroke volume of the device to 
prevent apposition of the internal surfaces. In 
addition, the monitor is used as a transducer to 
permit an accurate determination of stroke vol- 
ume. 
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Selected Animal Series 

Twenty calves that underwent partial left ven- 
tricular bypass for periods of 90 to 180 days 
(mean, 140 days) were selected for evaluation. 
In each instance, pump implantation was ac- 
complished without cardiopulmonary bypass 
using systemic heparinization at the time of 
connection of the LVAD to the circulation. After 
operation, careful attention was directed to the 
anticoagulation status of the animals, which 
was maintained with oral sodium warfarin (5 to 
10 mg per 24 hours) sufficient to prolong the 
prothrombin time to 215 times the control value 
(22 to 28 seconds). 

The elliptical configuration of a calf's thorax 
dictated LVAD implantation through a left lat- 
eral thoracotomy in the sixth intercostal space. 
The device was interposed between the left 
ventricular apex and the descending thoracic 
aorta at the level of the eighth rib. Anastomosis 
of the outflow Dacron graft to the aorta was ac- 
complished first, and then a silicone rubber 
ring with attached Teflon sewing cuff was su- 
tured to the ventricular apex. A circular knife 
was used to excise a section of myocardium 
within the ring to permit insertion of the metal 
inflow tube and attached conduit. Connection 
of both conduits to the pump housing was 
completed at this time, and the entire system 
was carefully filled with Ringer's lactate solu- 
tion to displace the residual air bubbles. Fixa- 
tion of the pump housing to the left hemidia- 
phragm was accomplished with interrupted 
sutures, and this stabilized the device below 
the left lower lobe of the lung. Routine chest 
closure was then carried out, and the percuta- 
neous pneumatic tube was brought to the exte- 
rior through the tenth intercostal space. 

Cardiac catheterization was undertaken in 4 
animals employing light halothane anesthesia 
within 60 days following pump implantation 
[5]. Catheters positioned in the right and left 
cardiac chambers and great vessels were used to 
measure pressures and to calculate cardiac out- 
put by dye dilution (indocyanine green) and 
the thermal dilution method (right atrial injec- 
tion and pulmonary artery sampling). Various 
physiological states were evaluated including 
tachyarrhythmias (pacemaker) and reversible 
left ventricular failure (lidocaine bolus). 


Clinical Series 

The initial group of patients proposed for left 
ventricular assist device implantation included 
those who had undergone technically success- 
ful cardiac operation but could not be weaned 
from cardiopulmonary bypass after application 
of conventional forms of management. In addi- 
tion, patients in whom hypotension, oliguria, 
and low cardiac output developed within 72 
hours after operation were considered candi- 
dates. 

Cardiac resuscitation employing pharma- 
cological agents was indicated initially, and 
if a satisfactory heart rate, rhythm, and blood 
pressure could not be established within 60 
minutes, an IABP was inserted for circulatory 
support. If cardiopulmonary bypass flow was 
less than or equal to 0.8 L/min/m* with phar- 
macological support, use of the IABP would 
probably be effective in stabilizing blood pres- 
sure. A flow greater than this volume sug- 
gested the need for a more effective means of 
circulatory support in the form of an LVAD. 
Failure of the IABP and pharmacological agents 
to stabilize the circulation during a 180- minute 
interval of resuscitation was also considered 
prime indication for implantation of an LVAD. 
If hypotension and low cardiac output de- 
veloped during the initial 72 hours following 
operation, standard methods of resuscitation 
were indicated up to a maximum of 6 hours. A 
decision to proceed with implantation of an 
LVAD must be made by that time to provide 
any chance of success for the LVAD system. 

Implantation of the LVAD in patients was 
carried out during cardiopulmonary bypass 
through a median sternotomy to provide access 
to the ascending aorta and left ventricular apex 
(outflow and inflow conduit connections) (Fig 
2). The apical inflow tube was brought out of 
the mediastinum along the superior surface of 
the left hemidiaphragm beneath the xiphoid 
process of the sternum. The outflow graft was 
anastomosed to the right lateral wall of the as- 
cending aorta, and was exteriorized lateral to 
the sternotomy through a 2-cm rib resection 
(third or fourth rib). Both Dacron-valved con- 
duits were preclotted with fresh donor blood 
before use. 

The pump housing was situated externally on 
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Fig 2. A left ventricular assist device, Model X, is 
shown positioned on the right anterolateral chest wall. 
The inflow and outflow conduits traverse the medias- 
tinum for attachment to the ascending aorta and left 
ventricular apex. 


the right anterolateral chest wall and held in 
position with multiple skin sutures. This posi- 
tion permits free movement of the patient in 
bed without interference with pump perfor- 
mance. The median sternotomy was then closed 
with wire sutures in routine fashion. 

Following placement of the inflow and out- 
flow conduits, the head of the operating table 
was lowered, and a large vent was placed in the 
ascending aorta to evacuate any residual air 
bubbles. Pumping was begun in asynchronous 
fashion at a slow rate (30 to 40 beats per minute) 
with a stroke volume of 50 ml. Cardiopulmo- 
nary bypass flow was decreased in steps of 25% 
to increase venous return and provide sufficient 
pulmonary blood flow to fill the left ventricle 
and LVAD. 

If the electrocardiographic signal was lost or 
the heart rate exceeded 120 beats per minute 
during LVAD pumping, the control system 
automatically converted to fixed-rate asyn- 
chronous pumping. In general, synchronous 
pumping was utilized since it provided a lower 
impedance for left ventricular ejection and 
therefore resulted in a maximum reduction in 
myocardial wall tension and stroke work. 


Weaning from LVAD support was carried out 
when the cardiovascular status of the patient 
improved sufficiently to maintain a cardiac 
output in excess of 2.0 L/min/m*? over a 24-hour 
interval. Reductions in mechanical circulatory 
support were accomplished at 6-hour intervals, 
reducing the flow by 25% of the total pumping 
volume on each occasion. Although anticoagu- 
lation agents were not employed during LVAD 
support, heparinization was instituted as soon 
as the weaning procedure was initiated. This 
prevented accumulation of fresh thrombus on 
prosthetic surfaces as the pump flow was de- 
creased. 


Hematological Studies (Calf and Man) 

The following laboratory determinations were 
performed in each calf one to three times per 
week: plasma hemoglobin concentration, re- 
ticulocyte count, serum haptoglobin determi- 
nation, fibrinogen, platelet count, blood urea 
nitrogen, serum bilirubin, serum protein, pro- 
thrombin time, sodium, potassium, chlorides, 
hematocrit, and erythrocyte mechanical fragil- 
ity. Studies of red blood cell survival (DF*P 
isotope technique) and platelet survival (?'Cr- 
labelec sodium chromate) were performed after 
7 and 14 days of LVAD function. 

In the 5 patients undergoing LVAD support, 
platelet and red cell survival studies were not 
possible. However, other investigations were 
similar to those accomplished in the animal ex- 
periments. 


Gross and Microscopic Pathology 

Complete postmortem examination was per- 
formed on every animal that died or was killed 
during the investigation, and in 4 of the 5 pa- 
tients .n the clinical series. Comparative evalu- 
ations of the pump prosthetic linings in the 
Model X and Model XI devices were performed. 


Results 

Twenty calves underwent continuous assisted 
circulation at flows of 5.0 liters per minute for 
periods of 90 to 180 days. Animals were killed 
to permit evaluation of the blood-prosthetic 
interface following completion of hematologi- 
cal and physiological studies. The following 
complications were noted: nonfatal infection 
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Table 1. Cardiac Resuscitation with the Left Ventricular Assist Device 


Patient Aortic 
No., Age Total Cross-clamp 
(yr), Sex Cardiac Diagnosis Operative Procedure CPB (min) Time (min) 
1. 51, M CAD, VSD, LVA ACB (x2); VSD closure; 189 30 
aneurysm resection 
2. 98, F RHD, MR Mitral valve replacement 97 23 
3. 47, M AS, CAD Aortic valve replacement; 234 158 
ACB (x3) 
4. 70, M AS, CAD ACB (X2); aortic valve 330 80 
replacement 
5. 70, M CAD ACB (x3) 270 60 





CPB = cardiopulmonary bypass; CAD = occlusive coronary artery disease; VSD = ventricular septal defect; LVA = left 
ventricular aneurysm; ACB = aortocoronary bypass graft; RHD = rheumatic heart disease; MR = mitral regurgitation; AS 


= aortic stenosis. 


originating at the percutaneous pneumatic 
tube, 8 calves; empyema of the left thorax, 4 
calves; a kinked outflow Dacron conduit, 3 
calves; gradual lamination of fibrin on the 
pump bladder with loss of bladder compliance, 
6 calves; multicentric areas of calcified throm- 
bus on the pump bladder surface, 4 calves; and 
multiple renal infarcts, 3 calves. 


Biological Interface Development 

within the LVAD 

The bladder surfaces removed from animals 
were covered by a layer of fibrin with en- 
trapped erythrocytes, leukocytes, and platelets 
[2, 7]. In 12 specimens, the thickness of the 
biological lining ranged from 500 u to 5.0 mm, 
with the greatest accumulation of amorphous 
fibrin noted along the trilobular flexion creases 
and in the inlet quadrant of the bladder. In 
most specimens, there were also multicentric 
islands of pseudoendothelium consisting of 
proliferating fibroblasts and collagen fibrils, 
which coalesced in a few specimens examined 
after 120 to 180 days of contact with the cir- 
culating blood volume. 

The biological lining was extremely thick (5.0 
to 10.0 mm) in specimens removed from ani- 
mals with kinked or compressed outflow con- 
duits (3 calves) caused by increased turbulence 
and stasis in the device. In addition, deposition 
of calcium phosphate nodules was noted in 
many areas of thrombus accumulation where 
the depth of the lining exceeded 2.0 mm. In the 


other 5 animals, gross and microscopic exam- 
ination of the pump bladder surfaces indicated 
relatively smooth, well-attached biological sur- 
faces that exceeded 1.0 mm in thickness only 
in the trilobular flexion creases. 

Examination of the Dacron graft segments re- 
vealed a well-organized layer of pseudoendo- 
thelium in all specimens, contrasting sharply 
with the thicker, laminated fibrin lining of the 
pump bladders. The xenograft valves contained 
within the inflow and outflow woven Dacron 
conduits were free from obstructing thrombus, 
except in the 3 animals with kinked outflow 
conduits [11]. The grafts were covered by an 
ingrowth of pseudoendothelium, but this did 
not extend onto the glutaraldehyde-preserved 
valve cusps. Patches of calcium infiltration were 
noted at the base of the noncoronary cusps (10 
valves) in areas where the muscular attach- 
ments had been incompletely excised before 
suturing within the Dacron conduit. 

Examination of the LVAD bladder linings 
removed from 5 patients after intervals of 1 
hour to 8 days presented a strong contrast with 
the specimens removed from experimental 
animals (Table 1). Although no anticoagulation 
agents were employed, the polyester fibril sur- 
faces were barely covered with strands of fibrin 
(200 to 500 u in thickness) and had many leuko- 
cytes, erythrocytes, and platelets (Fig 3). Un- 
covered fibrils frequently projected above the 
biological lining, but this did not precipitate 
continuing hemolysis or thrombocytopenia. 
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Fig 3. The sectioned pump bladder from Patient 2 fol- 
lowing 8 days of assisted circulation. The polyester fi- 
brils are barely covered with a thin layer of fibrin and 
cells. 


Hemodynamic Observations 
Physiological studies were carried out in 4 of 
the 20 animals during synchronous counterpul- 
sation. A small increase in cardiac output and 
aortic pressure was noted along with a decrease 
in preload peak ventricular pressure and maxi- 
mum rate of rise of left ventricular pressure 
[6, 13]. No significant changes were noted in 
right heart pressures. In the presence of 
tachyarrhythmias, cardiac output was easily 
maintained, employing fixed-rate asynchro- 
nous pumping, or was slightly increased. Aortic 
pressure was also maintained or increased, 
while left ventricular pressure was invariably 
reduced. 

In the clinical series, identical responses to 


Table 2. Clinical Implantations of the Left Ventricular Assist Device 


Patient Time after Operation 

No. to LVAD Implant Function (hr) 
1 Immediate in OR 1 

2 16 hr postop.; 190 

patient in ICU 

3 Immediate in OR 2 

4 Immediate in OR 30 

3 Immediate in OR 18 


Duration of LVAD Range of LVAD 


Major Factors in Failure 

Flow (L/min) to Resuscitate Patients 

Premature removal of assist 
device due to persistent air 
leak through interstices of 
outflow graft conduit; 
technical error — failure to 
preclot Dacron conduit 


3.0-3.5 


2.5-4.5 Assist pump removed after 8 
days because of progressive 
central nervous system 
deterioration due to an 


intracerebral hemorrhage 


LVAD function unsuccessful 
because of severe right heart 
failure due to pulmonary 
artery hypertension and 
vascular obstruction 
unaffected by operation 


Patient died after 30 hr of 
assisted circulation secondary 
to continued mediastinal 
hemorrhage and repeated 
episodes of cardiac 
tamponade 

Massive mediastinal 
hemorrhage for entire 18-hr 
course despite surgical 
reexploration; no specific 
bleeding points noted; LVAD 
function satisfactory when 
blood volume adequate 


1.0-2.0 


2.4—3.6 


1.8-3.2 





LVAD = left ventricular assist device; OR = operating room; ICU = intensive care unit. 
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LVAD pumping occurred when postoperative 
hemorrhage was not a problem. Left atrial pres- 
sure was reduced rapidly from levels exceeding 
20 mm Hg (before LVAD actuation), and the 
systemic arterial pressure was elevated to the 
range of 100 to 150 mm Hg. 

The potential effectiveness of the device was 
best exemplified by Patient 2, in whom serial 
physiological observations indicated an im- 
provement in myocardial function between the 
second and fifth days following pump implan- 
tation. On the second day, systemic arterial 
pressure was 110/55 mm Hg, left atrial pressure 
was 10 mm Hg, and cardiac index was 2.1 
L/min/m*? with the device functioning. When 
the assist device was temporarily turned off, 
arterial pressure fell to 35/30 mm Hg, while 
left atrial pressure rose abruptly to 19 mm Hg. 
On the fifth day, systemic arterial pressure off 
the assist device increased to 90/40 mm Hg, 
while the cardiac index was 1.8 L/min/m? [17]. 

In Patient 3, the presence of long-standing 
pulmonary artery hypertension and an in- 
creased pulmonary vascular resistance resulted 


in an inadequate pulmonary blood flow and the 
inability to attain a satisfactory LVAD output 
(Table 2). In the other 3 patients, despite some 
reduction in right ventricular contractility (but 
no preexisting hypertension), an increased 
right atrial pressure (in the range of 20 to 25 mm 
Hg) achieved passive flow through the lungs to 
the left side of the heart, permitting satisfactory 
LVAD function. 


Hematology 

There was no prolonged evidence of gross 
erythrocyte, platelet, or biochemical abnor- 
malities in the 20 calves undergoing long-term 
left ventricular bypass (Tables 3, 4, 5). In pa- 
tients who received assist pumps, the plasma 
hemoglobin value and erythrocyte mechanical 
fragility were transiently elevated, but rapidly 
decreased to the normal range when renal 
function was not impaired (Table 5). Throm- 
bocytopenia occurred only in the presence of 
persistent postoperative bleeding or when the 
need for hemodialysis was dictated by acute 
renal failure [10, 14]. 


Table 3. Selected Blood Trauma Data (Mean Values) in 20 Calves 
Undergoing Long-term Left Ventricular Bypass (5.0 L/min) 


Time after Operation 





Determination Control 24Hr 48Hr  7Days 14 Days 30Days 60Days 90Days 120 Days 150 Days 
Hematocrit 31 44 42 25 27 28 30 28 27 31 
Platelet count X 10° (mm?) 6.4 4.3 9.2 5.2 6.2 5.8 5:8 6.2 6.4 6.0 
Serum haptoglobin 4.0 3.0 5.0 7.0 4.0 7.5 9.0 6.5 4.5 4.0 
Reticulocyte count 1.0 0.5 1.5 1.0 1.0 0.5 1.0 1.0 0.5 1.0 
Fibrinogen 600 500 500 700 600 550 750 600 500 650 
Plasma hemoglobin (mg/100 ml) 5.0 10.0 12.0 6.0 4.6 4.5 5.0 6.0 7.0 5.0 
RBC mechanical fragility (Aplasma 

hemoglobin in mg/100 ml) 5.1 20.0 15.0 6.0 6.8 6.4 8.0 6.0 5.4 6.2 
RBC - red blood cell. 
Table 4. Erythrocyte and Platelet Survival Determinations 

Mean RBC Mean Platelet 
No. of | Survival Rate Standard Survival Rate Standard 

Time Calves (half-time, days) Deviation (half-time, days) Deviation 
Control values 12 20.5 +6.4 ou +1.0 
7 days LVAD function 10 23.8 t7.3 M. +0.6 
14 days LVAD function 9 21.4 +4.2 5.8 £09 


RBC = red blood cell; LVAD = left ventricular assist device. 
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Table 5. Hematological Values after Implantation of the Left Ventricular Assist Device in 5 Patients 





Patient Immediately Post 12 Hr Post 18 Hr Post 24 Hr Post 
Determination No. LVAD Implant Implant Implant Implant 
Platelet count X10? (mm?) 1 40.0 abo "T T 

ze 152.0 240.0 108.0 114.0 

3 47.4 T kA TT 

4 42.0 40.0 49.0 315.0 

5 38.0 50.0 97.3 
Plasma hemoglobin (mg/100 ml) 1 66.0 pe ued T 

2^ 97.0 42.0 45.0 11.0 

3 200.0 idol T ee 

4 200.0 40.0 10.0 15.0 

5 82.0 38.0 12.0 
RBC mechanical fragility (Aplasma 1 75.0 T vil TT 

hemoglobin in mg/100 ml) 2" 112.0 75.0 52.0 39.0 

3 200.0 -— boà T 

4 200.0 50.0 15.0 17.0 

5 86.0 45.0 13.0 


? Acute tubular necrosis. 


LVAD = left ventricular assist device; RBC = red blood cell. 


Comment 

Successful mechanical circulatory support in a 
series of experimental animals for an average 
period of 140 days indicates the potential merit 
of the axiosymmetric LVAD developed for these 
investigations. Serial hematological studies 
performed to detect the occurrence of major 
cellular or protein damage produced by rela- 
tively long periods of partial bypass disclosed 
few abnormalities. Thus, it is apparent that 
blood trauma is not an important limiting factor 
in prolonged mechanical circulatory support at 
flow rates up to 5.0 liters per minute. However, 
consistent formation of a thin, stable blood- 
prosthetic interface remains the major goal to 
be achieved. 

The interface selected for these experimental 
blood pumps consists of polyester fibrils, 
which attract a fibrin coagulum to the surface 
immediately on implantation in the circulation. 
Organization of the original fibrin pannus takes 
place slowly in multicentric areas, resulting in 
pseudoendothelial islands consisting of a colla- 
gen matrix with a surface layer of fibroblasts. 
However, in most specimens, a progressive 
laminated fibrin lining also develops, often 
reaching a thickness of 1.0 to 5.0 mm between 
the third and sixth month following pump im- 
plantation. Since the nutritional status of the 
biological lining depends on diffusion of 


plasma substrates, the viability of the surface 
varies inversely with the thickness of the ac- 
cumulating fibrin. Reduction in viability of the 
lining is associated with the accumulation of 
calcium phosphate deposits, which threaten 
pump bladder integrity and limit its com- 
pliance. Although few experiments were termi- 
nated by these surface changes, progressive 
deterioration of the biological lining indicates 
the need for both improved biomaterials and 
blood-centacting prosthetic surfaces if long- 
term circulatory support in man is to become a 
reality. 

The situation is vastly different when consid- 
ering the temporary LVAD system designed 
for resuscitation of cardiac surgical patients 
who cannot be weaned from cardiopulmonary 
bypass. Here, the blood-contacting surface of 
polyester fibrils was found to be covered by an 
extremely thin (less than 500 4) layer of fibrin, 
with entrapped leukocytes, platelets, and eryth- 
rocytes [3, 4]. The coagulum was well attached 
to the underlying matrix of fibrils, produced 
minimal blood trauma, and was formed with- 
out the benefit of the anticoagulant drugs uni- 
formly employed in the animal experiments 
(Fig 4). In addition, postmortem examination 
revealed no systemic thromboembolic damage 
to parenchymatous organs from the LVAD, nor 
was there evidence of embolization of polyes- 
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Fig 4. Light microscopic section of the biological lining 
removed from the pump bladder in Patient 2. A thin 
network of fibrin can be seen with entrapped leuko- 
cytes, erythrocytes, and platelets. This coagulum ts well 
attached to the polyester fibrils at the base. (Original 
magnification x70.) 


ter fibrils from the bladder surface when tissue 
sections were examined by polarized light. 

Positioning of the paracorporeal LVAD on 
the chest wall eliminated the possibility of 
compressing heart and mediastinal structures, 
and permitted complete mobility of the patient 
in the intensive care unit. Problems of dis- 
lodgment or early infection around the inflow 
and outflow conduits traversing the medias- 
tinum were not detected, but final judgment 
must await a more extensive clinical experi- 
ence. 

The hemodynamic performance of the system 
in man was identical to that in the experimental 
animal in 4 of the 5 patients studied to date [13]. 
Failure to achieve a satisfactory LVAD flow (2.0 
L/min/m’) occurred only in the presence of right 
heart failure secondary to pulmonary artery 
hypertension and pulmonary vascular obstruc- 
tion. In this situation, pulmonary blood flow 
was reduced and pulmonary venous return to 
the left ventricular sinus was inadequate for 
LVAD filling. 

Although none of these patients were even- 
tual survivors, improvement in myocardial 
function was noted in Patient 2. This occurred 
between the second and fifth days after in- 
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stituting LVAD circulatory support, and sug- 
gests that recovery from the perioperative myo- 
cardial infarction is possible within the 14-day 
time frame of the proposed program. However, 
since prolonged intervals of cardiopulmonary 
bypass alone may result in postoperative 
hemorrhagic diatheses and parenchymatous 
organ damage, use of the LVAD must be con- 
sidered early in the resuscitative process if im- 
provement with pharmacological agents and 
the IABP does not occur promptly. 

Our project demonstrated the following six 
points. 


1. Assisted circulation with a pneumatically 
actuated axiosymmetric blood pump has 
been accomplished in a selected series of 20 
calves at a flow rate of 5.0 liters per minute 
for an average of 140 days. 

2. A variety of hematological studies in these 
animals revealed only minor evidence of 
blood trauma produced by long-term pump- 
ing. 

3. Consistent formation of a thin, stable bio- 
logical lining within the prosthetic pump 
remains a major limiting factor in develop- 
ing a long-term circulatory support system 
for man. 

4. Experience with the paracorporeal LVAD in 
5 patients revealed a hemodynamic perfor- 
mance identical to that achieved in the ex- 
perimental animal. Pump output could be 
gradually increased to produce a systemic 
flow of 2.0 L/min/m’ in 4 or 5 patients, and 
was maintained in 1 individual for a period 
of 8 days, with myocardial improvement 
between the second and fifth postoperative 
days. The prosthetic-blood interface was 
covered with a very thin fibrin network and 
entrapped platelets, erythrocytes, and leuko- 
cytes. No anticoagulant agents were ad- 
ministered. 

5. The presence of right ventricular failure on 
the basis of prolonged pulmonary artery 
hypertension and pulmonary vascular ob- 
struction prevented attaining satisfactory 
LVAD flow in 1 patient. 

6. Successful clinical cardiac resuscitation with 
the LVAD will become a reality when a 
prompt decision to use the device is reached 
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if pharmacological agents and the IABP have 
failed to provide adequate circulatory sup- 
port. 


Addendum 

Since the preparation of this report, 2 patients with 
coronary artery disease are survivors following 105 
and 100 hours, respectively, of left ventricular blood 
pump support. The first was a 60-year-old diabetic 
man with an 80% obstruction of the left main coro- 
nary artery who could not be weaned from car- 
diopulmonary bypass with an IABP following a triple 
coronary bypass procedure. The second patient, a 
41-year-old man with unstable angina, sustained a 
cardiac arrest in the intensive care unit several hours 
after an uncomplicated coronary artery bypass oper- 
ation. He could not be resuscitated despite the 
reinstitution of cardiopulmonary bypass and use of 
the intraaortic balloon. Both patients sustained 
perioperative myocardial infarctions. This accounts 
for cardiogenic shock and their inability to be resus- 
citated by usual methods. Both patients have been 
discharged from the hospital and are well (60 and 90 
days after LVAD removal, respectively). 
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Discussion 

DR. JOHN C. NORMAN (Houston, TX): I very much en- 
joyed Dr. Bernhard's paper. In Houston we are 
evaluating an intracorporeal (abdominal) left ven- 
tricular assist device (ALVAD). Some of our results 
have been published recently in Archives of Surgery 
(112:1442, 1977). 

To date, we have implanted our pump in 17 pa- 
tients, 12 men and 5 women. Average age was 50 
years; the youngest patient was 21 years old and the 
oldest, 68. Most recently, we have removed the device 
after 5 days and replaced the native heart with a car- 
diac allograft. We will report this in detail at a later 
date. 

The duration of cardiopulmonary bypass until the 
first weaning attempt was approximately 1 hour 20 
minutes. On average, the number of attempts to 
wean from cardiopulmonary bypass was more than 
3; unfortunately, in one instance, there were 7 at- 
tempts. The duration of cardiopulmonary bypass 
until insertion of the IABP was nearly 2 hours. The 
duration of cardiopulmonary bypass with intensive 
pharmacological support and IABP support until 
ALV AD implantation was nearly 4 hours. 

The average platelet count at implantation was ap- 
proximately 67,000. The average plasma hemoglobin 
at implantation was 169 mg per 100 ml. 

In our series, the shortest run has been about an 
hour, like Dr. Bernhard's, and our longest has been 
close to a week. 
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We are pleased that in terms of ventricular recov- 
ery Dr. Bernhard was able to confirm some of the 
hemodynamic data that we have reported previ- 
ously. 

Our current efforts—and we think them quite 
important—are focused on methods of quantitating 
and relating the effects of IABP and ALVAD on vary- 
ing degrees of deranged left and right ventricular 
function. This can be done in the operating room 
with handheld calculators. With the outputs from an 
arterial pressure line and a Swan-Ganz quadruple- 
lumen catheter, one can plot right ventricular minute 
work versus left ventricular minute work with 
varying pulmonary capillary wedge pressures and 
divide desperately ill postcardiotomy patients into 
five groups. Class 1 is normal; Class 2 will re- 
spond to minimal pharmacological support; Class 3 
will respond to maximal pharmacological therapy; 
Class 4 will improve with volume loading; Class 5a 
requires IABP support; Class 5b requires an LVAD 
capable of capturing the entire cardiac output; and 
Class 5c appears beyond help, short of transplanta- 
tion. These analyses are based on our consecutive 
series of 350 patients who received IABP support and 
17 patients with a partial artificial heart or ALVAD. 

In our most recent patient with "stone heart," the 
ALVAD functioned well and generated flows from 
3.5 to 5.5 liters per minute for 5 days in the absence of 
both left and right ventricular function, before 
ALVAD removal with simultaneous cardiac and 
renal transplantation. 

I would like to hear Dr. Bernhard's opinion con- 
cerning the effects of right ventricular function and 
pulmonary vascular resistance on ALVAD function; 
we seem to agree on other issues. In general, the 
Boston and Houston programs are interrelated and 
we are pleased with the results to date. We think the 
future of these devices is quite bright. Obviouslv, we 
would like to see patients requiring support earlier. 


DR. ROBERT S. LITWAK (New York, NY): I want to con- 
firm some of the observations Dr. Bernhard has 
made. During the past 4 years my colleagues and I 
have had experience with a left heart assist technique 
in 18 patients who were unable to be separated from 
bypass despite all supportive therapy, including 
balloon pumping. Ten of the patients had previously 
been denied operation by their cardiologists and 
were accepted primarily because of the availability of 
the left heart assist device. Four patients were either 
in cardiac arrest or shock before corrective operation, 
and 4 patients with left ventricular dysfunction un- 
dergoing elective operation required support. 

Our system is just slightly different from the one so 
beautifully described by Dr. Bernhard. We use two 
silicone elastomer cannulas, one sutured to the left 
atrium and one sutured to the ascending aorta. Both 
are connected to a simple roller pump. The distal 
ends of the cannulas lie subcutaneously in the right 


upper quadrant. When support is terminated, a 
couple of obturators are secured and the occluded 
cannulas are dropped back into the subcutaneous tis- 
sues and the skin closed over them so that they re- 
main permanently in vivo. 

Of our total experience of 18 patients, 13 were able 
to be separated from the assist device. There were 6 
subsequent hospital deaths in this group, primarily 
from slowly recurrent left heart dysfunction. One 
patient in this group was supported with the assist 
device for 21 days and then was separated for several 
days. However, severe ventricular arrhythmias, 
which had been present before operation, developed 
again. Acute tubular necrosis developed, and 
he subsequently died during dialysis. Seven patients 
who were supported up to 424 days were hospital 
survivors. Five remain well, the longest now about 
three and a half years after the procedure. 

I would like to make a few brief comments re- 
garding what we have heard today. First, the need 
for left heart assistance is fortunately rare, even in 
patients coming to operation with advanced left 
ventricular dysfunction. Second, as Dr. Bernhard and 
Dr. Norman have emphasized, the decision to em- 
ploy a left heart assist technique must not be unduly 
delayed since this may result in major damage to 
multiple subsystems, particularly the kidneys, and 
sharply diminish the potential for ultimate recovery. 
Third, the hematological derangements are tolerable. 
Fourth, properly conducted left heart support can be 
carried out in patients for upwards of 3 weeks with- 
out clinical evidence of thromboembolism. Finally, 
our experience has convinced us that it is not usually 
necessary to totally bypass and totally unload the left 
ventricle in order to establish conditions permitting 
functional recovery of the depressed heart. More 
often than not, diverting only 25 to 5096 of the calcu- 
lated systemic blood flow around the left ventricle is 
all that is needed. 


DR. BERNHARD: I would like to thank the discussants 
and agree that in the presence of acute right ven- 
tricular failure, a limited and diminishing output 
from a left-sided assist device can be expected. Some 
degree of right ventricular contractility is necessary 
for success in most patients. However, in some, right 
atrial pressure can be increased to 20 to 25 mm Hg to 
effect sufficient passive flow through the lungs to 
permit left-sided circulatory support. 

I think several points made by Dr. Litwak deserve 
emphasis. First, this type of resuscitative effort with 
an LVAD cannot be delayed if it is to be successful. 
Second, Dr. Michael DeBakey's observation 14 years 
ago regarding the limited pump flow necessary for 
left ventricular assistance in patients with severe left 
ventricular failure is very accurate. Although large 
flows may be necessary during the early phases of 
resuscitation (4.0 to 5.0 liters per minute), flow re- 
quirements tend to decrease (12 to 24 hours) to the 
range of 2.0 to 3.0 liters per minute. 
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ABSTRACT Ventricular 
after myocardial infarction (MI) and resistant to 


tachycardias occurring 
medical treatment were successfully treated in 5 pa- 
tients by encircling endocardial ventriculotomy. All 
patients had a history of MI. The delay between MI 
and ventricular tachycardias ranged from 1 month to 
8 years. A reentrant mechanism was demonstrated 
by laboratory studies. 

Under cardiopulmonary bypass, the left ventricle 
was entered through the thin fibrous scar. Encircling 
endocardial ventriculotomy was carried out from the 
inside of the ventricle, through the whole thickness 
of the normal myocardium, and along the border of 
the endocardial fibrosis, which delineated the area 
of diseased myocardium. The ventriculotomy was 
placed in the free wall or in the septum or in both of 
these locations. It was repaired and the left ventricle 
was closed. Drug therapy was discontinued after op- 
eration. No ventricular tachycardias recurred during 
a follow-up period of 6 to 24 months. 

The effectiveness of encircling endocardial ven- 
triculotomy is explained by the exclusion of the en- 
tire diseased area, especially the border zone and the 
septum. This technique is useful in any location of 
MI. 


Operation for ventricular tachycardia secondary 
to coronary artery disease is based on three 
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classic :echniques: aneurysmectomy reported 
by Couch [2] in 1959; resection of a fibrous 
plaque, which is an analogous procedure to 
aneurysmectomy; and aortocoronary venous 
bypass procedure [7]. The results of these oper- 
ations vary from series to series probably be- 
cause t^ey cannot be classified, are not repro- 
ducible, and are not objectively comparable. In 
aneurysmectomy, the extent of the lesion, its 
topography, and the nature of the tissue re- 
sected are not precisely defined. The extent and 
nature of the diseased tissue left in place are 
not measurable. The technique and the results 
of aneurysmectomy are necessarily variable. 
This was one reason why our team developed 
a surgical technique, based on the knowledge 
of the mechanism of ventricular tachycardia, its 
location, and the importance of the associated 
anatomical lesions. 

Follow-up of the anatomical lesions of myo- 
cardial infarction (MI) has demonstrated three 
notable findings [12]. (1) Myocardial necrosis is 
maximal at the center of the infarcted area. This 
zone becomes fibrosed and thin walled. (2) 
Around the central zone there is a twilight area, 
the border of which is difficult to delineate. It 
consists of ischemic and normal muscle and fi- 
brosis. (3) Ischemic lesions are located essen- 
tially in the subendocardial layer. Endocardial 
fibrosis develops opposite the entire infarcted 
area. Therefore, the limits of the pathological 
area mav be located by endocavitary explora- 
tion. The borders of the endocardial fibrosis 
correspoad to the maximal extension of the 
ischemia. 

The mechanisms of ventricular tachycardia 
after MI vary with the age of MI [15]. A mecha- 
nism of reentry or an ectopic focus may occur 
during the acute state of MI. Documented 
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studies have shown that reentrant circuits are 
the only mechanism after a few days [15]. The 
reentry circuits are situated in the peripheral 
twilight area [1, 10]. The apparent epicardial 
origin of ventricular tachycardia is located in 
healthy myocardium at the edge of [6, 14] or at 
a distance from [3] the twilight area. Surgical 
treatment of ventricular tachycardia after MI 
must involve the entire diseased area, particu- 
larly the twilight zone. The encircling endocar- 
dial ventriculotomy allows the exclusion of all 
of the diseased myocardium. 


Material and Methods 

Our experience is based on a series of 5 pa- 
tients (Table 1). The average age was 52 years 
(range, 40 to 60 years). Recurrent syncope re- 
lated to ventricular tachycardia occurred in 2 
patients. All patients had a history of previous 
MI. 

Serial electrocardiograms showed evidence of 
previous transmural infarction in 4 patients. 
Three had an anterior wall infarction, and 2 had 
a posterior wall infarction. In 4 patients the 
electrocardiogram showed persistent S-T seg- 
ment elevation suggestive of ventricular aneu- 
rysm. One patient (Patient 3) had no evidence 
of anterior transmural infarction but had per- 
sistent S-T segment elevation. 

Coronary arteriography revealed coronary 
arterial narrowing of more than 70% in at least 
one major coronary artery in all patients. Three 
patients had notable double-vessel disease. 

Single-plane ventricular cineangiography was 


Table 1. Patient Data 


performed in the right anterior oblique projec- 
tion. One patient had an apical akinetic plaque. 
One patient had a large inferior aneurysm distal 
to the papillary muscle, and one had an apical 
aneurysm. Another patient had an akinetic in- 
ferior wall without mitral insufficiency. Two 
patients had left ventricular dilatation. One pa- 
tient had diffuse and poor contractility. 

The delay between MI and the first attack of 
ventricular tachycardia ranged from 1 month to 
8 years. The number of locations of ventricular 
tachycardia for each patient ranged from one to 
four. Three patients (Patients 2, 4, and 5) were 
investigated to confirm the reentrant mecha- 
nism of ventricular tachycardia. Our method 
has been published previously [5]. We use the 
extrastimulus technique at a basic pacing rate of 
80 to 100 per minute. In case of failure, the ven- 
tricles are driven at the highest rate tolerated by 
the patient, usually 150 per minute. Every fifth 
minute, the extrastimulus technique is tried 
again. If we fail to initiate tachycardia within 30 
minutes, ventricular stimuli are fired at 200 to 
300 per minute in bursts of 2 to 3 seconds, at 
intervals of 1 to 2 seconds. All maneuvers are 
stopped if ventricular tachycardia cannot be 
started within 45 minutes. Two patients were 
not investigated because of poor hemodynamic 
condition. 

The surgical indication was always based on 
documented failure of medical treatment and 
the gravity of the attack. In 1 patient, aprindine 
was an effective antiarrhythmic agent but at 
doses that caused troublesome side effects. 


Angiographic Data 


Patient Major Coronary 

No., Age Time from ECG Site of S-T Segment Documented Arterial LV Angiography 

(yr), Sex Symptoms Previous MI Infarction? Elevation Arrhythmias Narrowing Data 

1. 48, M Syncope 1 mo Anterior V,-V; RE VT RCA, LAD Apical aneurysm 

2. 60, M 34 mo Posterior RE VT RCA, LCA Akinetic inferior 

wall 

3. 59,M Syncope 32 mo Anterior V,-Vs RE VT LAD, LCA Diffuse hypokinesis 

4. 55, M Angina 8 yr Anterior V.-V¢ RE VT LCA Apical hypokinesis 

5. 40,M Several mo Posterior Lead II-aV F- RE VT RCA Inferior aneurysm 
lead III 





*In all patients but Patient 3, there was evidence of transmural infarction. 


MI = myocardial infarction; ECG = electrocardiographic; LV = left ventricular; RE VT = reentrant ventricular tachycardia; RCA = right 
coronary artery; LAD = left anterior descending coronary artery; LCA = left circumflex coronary artery. 
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The encircling endocardial ventriculotomy is indeed cir- 
cular and completely surrounds the diseased zone at 

the edge of the endocardial fibrosis. The inset demon- 
strates the depth of the ventriculotomy in the septum and 
in the free wall of the ventricle. 


Operative Technique 

The heart is approached through a median ster- 
notomy. Epicardial mapping in sinus rhythm 
and during triggered ventricular tachycardia 
can lead to serious hemodynamic disturbances. 
The rate of ventricular tachycardia may be 
slowed by drugs or epicardial mapping may be 
carried out under the cover of cardiopulmonary 
bypass. Epicardial mapping, however, is not 
mandatory. 

When an infarct scar is visible, the encircling 
endocardial ventriculotomy should be per- 
formed at the edge of the diseased zone (Fig- 
ure). The limits of this zone cannot be distin- 
guished from the epicardial aspect of the heart. 
The ventricle must be opened through the 


thinned zone of the infarct scar so that a com- 
plete examination of the three walls of the ven- 
tricle ard particularly the septum, the papillary 
muscles, the mitral valve, and the endocardium 
may be carried out. 

The extent of endocardial fibrosis corre- 
sponds to the maximal extension of the isch- 
emic zone. Transmural ventriculotomy per- 
pendicular to the wall along the limits of the 
endocardial fibrosis separates the diseased 
from the healthy myocardium. The endocardial 
fibrosis may involve the free walls or the papil- 
lary muscles or the septum or a combination of 
these. The encircling endocardial ventricu- 
lotomy, therefore, must follow the edge of the 
endocardial fibrosis with precision. At the free 
wall of the ventricle, the ventriculotomy is a full 
thickness section sparing the epicardium and 
the coronary vessels. When the septum is in- 
volved, it is deep (more than 1 cm) but not 
transmural. It is repaired by a running suture, 
and the ventricle is closed in the usual way. The 
relationship of the encircling endocardial ven- 
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Table 2. Surgical Data and Results 


Encircling Endocardial Ventriculotomy 


Patient Anterior Inferior Papillary Myocardial Survival 
No. Wall Wall Septum Muscles Resection Bypass Graft (mo) Results 
1 + + + -— Small anterior RCA 24 Success; drugs 
aneurysm discontinued 
2 -— + + + 16 Success; drugs 
discontinued 
3 + + + 8 Success; drugs 
discontinued 
4 + + + 8 Success; drugs 
, discontinued 
5 + + + Large posterior X 6 Success; drugs 
aneurysm discontinued 
+ = large excluded area; + = medium excluded area; — = small excluded area; RCA = right coronary artery. 


triculotomy to the coronary vessels, the papil- 
lary muscles, and the septum is as follows: 

THE CORONARY VESSELS. The encircling en- 
docardial ventriculotomy involves the whole 
thickness of the free wall of the left ventricle in a 
perpendicular plane. The epicardium and su- 
perficial coronary vessels are spared. The per- 
pendicularly penetrating branches of the cor- 
onary arteries also are respected. The septal 
arteries in the septum should not be affected 
because the section usually parallels their 
course. The encircling endocardial ventricu- 
lotomy therefore spares the vascular supply 
of the encircled diseased zone, and its hemo- 
dynamic function is conserved. ' 

THE PAPILLARY MUSCLES. The encircling en- 
docardial ventriculotomy is performed with the 
left ventricle opened and therefore under direct 
vision. There is no danger to the mitral ap- 
paratus. On the contrary, the mitral valve may 
be conserved even when diseased. The proce- 
dure in Patient 2 demonstrates this point. The 
diseased zone was located over the septum, the 
posterior wall, and the posterior papillary mus- 
cle, but there was no mitral regurgitation. The 
whole of this zone including the posterior 
papillary muscle was excluded by encircling 
endocardial ventriculotomy without parietal re- 
section or alteration of function of the papillary 
muscle or the mitral valve. 

THE SEPTUM. The septal part of the encir- 
cling endocardial ventriculotomy usually passes 
anterior to the papillary muscles. Therefore, the 
ventriculotomy runs parallel to the distal septal 
arteries, which lie superficially under the right 


ventricular aspect of the septum. This method 
spares the septal arteries, although one of the 
distal branches may be involved. 

Because the thickness of the septum cannot 
be measured accurately, the encircling en- 
docardial ventriculotomy must be performed 
step by step. It is transmural in some points. 
The depth of these points allows the depth of 
the ventriculotomy to be determined (see Fig- 
ure). 

Encircling endocardial ventriculotomy does 
achieve its objective. It creates a fibrous scar 
barrier around the diseased zone, separating it 
completely from the remainder of the healthy 
myocardium. It may be carried out whatever 
the location of the MI, even when multiple, and 
is the only effective operation in septal MI. It 
may be associated with other procedures, such 
as parietal resection and aortocoronary bypass 
[1]. 

In our series, 3 patients underwent encircling 
endocardial ventriculotomy alone (Table 2), in- 
cluding Patient 2 who had a posterior wall scar. 
Myocardial resection was carried out in 2 pa- 
tients, a small resection in Patient 1 and a large 
resection in Patient 5. There was an associated 
aortocoronary bypass only in Patient 1. 


Results 

There were no operative deaths. All patients 
are alive 6 to 24 months after operation. All are 
cured of ventricular tachycardia. Antiarrhyth- 
mic treatment was discontinued in all patients 
after the operation. Postoperative assessment 
included clinical evaluation, resting electrocar- 
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diograms, ambulatory Holter ‘monitoring, and 
stress tests. 

This short series cannot be compared with 
other large series. However, the good surgical 
results argue in favor of the effectiveness of this 
direct treatment of reentrant ventricular tachy- 
cardia based on the better appreciation of its 
pathophysiology. 


Comment 

Ventricular tachycardia seems to be related to 
two main mechanisms: ectopic focus activity 
and reentry circuit. The initiation and termina- 
tion of tachycardia by an appropriately timed 
ventricular stimulus is considered to be an ar- 
gument in favor of a reentry mechanism. Reen- 
try is the only mechanism of ventricular tachy- 
cardia of late onset after myocardial infarction 
[15]. | 

In order for reentry to occur, a zone of de- 
layed conduction must be in close proximity to 
a zone of normal or rapid conduction. This situ- 
ation occurs in the border zone situated at the 
edge of the diseased area: (1) anatomical sec- 
tions show the proximity of diseased and nor- 
mal myocardium and fibrosis, and (2) epicar- 
dial mapping shows slow conduction and, 
rarely, delayed potentials (Patient 4) [5]. 

The reentry circuits are probably located in 
the border zone: the slow component of the 
reentry circuit passes through the ischemic 
subendocardial layers and the rapid component 
through the "normal" muscle'or Purkinje sys- 
tem. The apparent origin of ventricular tachy- 
cardia determined by epicardial mapping is 
situated in the healthy myocardium at the edge 
of [6, 14] or at a distance from [3] the border 
zone. Performed all around the edge of the 
maximal extension of the ischemic zone, the 
encircling endocardial ventriculotomy does 
interrupt these reentrant pathways. The effec- 
tiveness of this ventriculotomy confirms the 
fact that reentry circuit is a phenomenon sub- 
ject to surgical interruption by a simple ven- 
triculotomy. | 

We [3-5, 8, 9] have also demonstrated 
that reentrant ventricular tachycardia not re- 
lated to coronary artery disease may be defin- 
itively interrupted by a simple ventriculotomy 
at the apparent origin of the tachycardia deter- 


minea by epicardial mapping. A ventricu- 
lotomy should be performed at each point of 
origin of ventricular tachycardia when there 
are several locations. Epicardial mapping is 
mandatory whatever the condition of the pa- 
tient to locate the sites of ventriculotomy. 

Ventricular tachycardia occurring after myo- 
cardial infarction, however, leads to a different 
clinica. situation. Hemodynamic function of 
these patients is often borderline. Many loca- 
tions cf ventricular tachycardia may be deter- 
minec We have observed eight locations in a’ 
patient not included in this study. Epicardial 
mappiag could not determine all the locations 
of ven-cricular tachycardia during the necessar- 
ily short period devoted to that procedure at 
operat:on. The duration of epicardial mapping 
during triggered ventricular tachycardia may 
lead to hemodynamic disturbances. In addi- 
tion, a ventriculotomy carried out at each lo- 
cation would lead to impairment of healthy 
myoca-dium, without the assurance of the 
divisicn of all reentry pathways. 

Epicardial mapping need not be carried out 
during encircling endocardial ventriculot- 
omy. -t is performed in sinus rhythm when 
hemocynamic conditions permit, is a simple 
and logical procedure based on anatomical find- 
ings, and interrupts all the reentry pathways 
whatever their location, sparing the healthy 
myocardium. 

In some instances, an infarct scar is not visi- 
ble. In this situation a simple ventriculotomy 
may be performed at the apparent origin of the 
ventricular tachycardia determined by epicar- 
dial mapping. One patient not included in this 
series was successfully treated by a simple 
ventriculotomy for life-threatening ventricular 
tachycardia after long-term MI, without evi- 
dence bf scar tissue at operation. 

The results of the indirect techniques (aneu- 
rysmectomy or aortocoronary bypass) vary from 
series fo series. Delayed or partial improvement 
is frecaently observed [7, 11, 13, 16]. The vari- 
ability of these results may be explained by the 
fact that aneurysmectomy does not include all 
the diseased myocardium since the border zone 
and the septum are usually not resected. When 
aneurysmectomy is successful, it is probably 
the result of an indirect action. Aortocoronary 
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bypass is also an indirect method of treating 
ventricular tachycardia. The action of encircling 
endocardial ventriculotomy is direct and im- 
mediate by the creation of a barrier of scar tis- 
sue, which excludes the whole diseased area. 
Important advantages of this new technique 
must be emphasized. Encircling endocardial 
ventriculotomy acts on reentrant ventricular 
tachycardia whatever the number of locations. 
It excludes the whole diseased area, including 
the septum when it is involved. It is the only 
technique that has a direct action on the sep- 
tum. It may be performed for any location of 
MI and is probably effective in cases of multiple 
locations of MI, although we have no experi- 
ence with this. It can exclude the mitral valve 
without altering its function (Patient 2). 
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Discussion 

DR. JOHN M. MORAN (Maywood, IL): I congratulate Dr. 
Guiraudon for presenting what I consider an im- 
portant and innovative operation. All cardiac sur- 
geons are aware that patients with ventricular tachy- 
cardia constitute one of the most difficult and chal- 
lenging groups with which we deal. I would like to 
discuss our experience of the past few years with this 
type of patient. Five of 30 patients in the Loyola- 
Hines complex who had refractory ventricular tachy- 
cardia as the primary problem were inoperable. All 
5 died in the hospital. The remaining 25 patients 
were deemed operable. Twenty underwent operation 
without ventricular mapping. Five of the 20 had se- 
vere congestive failure and only 1 of them survived. 
The other 4 died suddenly in the hospital, 2 at opera- 
tion. Among the 15 patients who did not have severe 
congestive failure, there were 5 surgical deaths and 4 
late deaths, a 6096 mortality. The 6 survivors all con- 
tinue to have trouble. 

With a concerted effort to find the reentry pathway 
or the irritable focus by means of epicardial map- 
ping, we have had 1 death and 4 survivors up to two 
and a half years, a 2096 mortality. 

I emphasize that irritable foci. or reentry pathways 
can appear anywhere. They can appear high in the 
septum or on the inferior wall when there is an aneu- 
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rysm anteriorly, so this possibility has to be carefully 
considered. 

Our group differs from Dr. Guiraudon's in that all 
had multiple bypasses and 4 out of 5 had aneu- 
rysmectomy. We have found that most of the foci 
occur in the twilight zone of the aneurysm, as has Dr. 
Guiraudon. | 

I have two questions. The results obtained by Dr. 
Guiraudon are excellent, but can the scar resulting 
from the incision also be a cause of delayed conduc- 
tion and reentry? From the results presented, I would 
gather that it cannot. Also, what happens to the ven- 
tricle beyond the incision? I am not prepared to ac- 
cept the fact that all the coronary vessels travel on the 
surface. I think that quite often they travel deep in 
the muscle and that inevitably some of the blood 
supply is going to be divided. So I ask Dr. Guiraudon 
if he has any late postoperative ventriculograms or 
possibly some myocardial scans that would answer 
this question about worsening the aneurysm situa- 


tion cr the quality of myocardial function beyond 
these rather extensive incisions. 


DR. GUIRAUDON: Encircling endocardial ventric- 
ulotorry probably sections the reentry circuits by 
creating a fibrous barrier. The thin, linear, fibrous 
scar fo lowing encircling endocardial ventriculotomy 
differs from the scar tissue after myocardial infarc- 
tion, which consists of fibrosis and mixed normal 
and ischemic muscle. The organization of fibrous tis- 
sue favors the occurrence of a reentry mechanism. 
However, a simple ventriculotomy may, but very 
rarely, induce attacks of ventricular tachycardias, the 
mechaaism of which is uncertain. 

A fase aneurysm may occur after ventriculotomy. 
The length of the encircling endocardial ventric- 
ulotorry seems to increase this risk. If the epicar- 
dial levers are respected, false aneurysm should be 
prevented. However, we always repair the encircling 
endoczrdial ventriculotomy carefully. 


Left Main Coronary 


Artery Stenosis: 


Hemodynamic Monitoring to Reduce Mortality 


Charles H. Moore, M.D., T. Randolph Lombardo, B.A., 
James A. Allums, M.D., and Fallon T. Gordon, M.D. 


ABSTRACT A review of 20 consecutive patients 
with left main coronary artery stenosis operated on 
in 1976 indicated a general hemodynamic pattern 
characterized by systolic hypertension and an increase 
in heart rate that occurred early during the induction 
phase of anesthesia. From January through August, 
1977, 28 patients with this stenotic condition were 
operated on with hemodynamic monitoring of left 
ventricular pressure and cardiac output by a Swan- 
Ganz catheter inserted before induction of anes- 
thesia. Pharmacological interventions to optimize 
preload with volume, reduce afterload with nitro- 
prusside or nitroglycerine, control heart rate with 
propranolol, and improve contractility with dopa- 
mine resulted in a decrease in mortality from 20% in 
Group 1 (1976) to 3.5% in Group 2 (1977). We con- 
clude that control of systemic blood pressure, heart 
rate, and preload has notably reduced the mortality 
in this group of patients and that hemodynamic 
monitoring provides precise guidelines for thera- 
peutic interventions. 


The surgical management of left main coronary 
artery stenosis continues to carry a high opera- 
tive mortality [3, 7, 12, 13, 17, 18]. Recently, use 
of the intraaortic balloon pump (IABP) has been 
advocated in an effort to reduce mortality in 
this high-risk group of patients [3-6]. A review 
of 20 consecutive patients with left main coro- 
nary arterv stenosis operated on in 1976 at St. 
Elizabeth Hospital, Beaumont, TX, indicated a 
general hemodynamic pattern characterized by 
systolic hypertension and an increase in the 
heart rate-pressure product that occurred early 
during the induction phase of anesthesia. In 
several patients the increased myocardial oxy- 
gen demand quickly exceeded available oxy- 
genated blood supply across the stenotic left 
main coronary artery. Progressive myocardial 
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ischemia, ventricular failure, and hypotension 
followed, resulting in arrhythmias or death in 
rapid sequence. In view of these potentially 
preventable hemodynamic perturbations, we 
have chosen, as an alternative to preoperative 
IABP, to monitor systemic arterial pressure, left 
ventricular filling pressure, and cardiac output 
during the early preinduction and complete 
perioperative period in these patients. By con- 
trolling the variables of cardiac function, that is, 
preload, afterload, heart rate, and contractility, 
we hoped to minimize myocardial injury. 


Materials and Methods 

Twenty patients with left-main coronary artery 
stenosis operated on in 1976 (Group 1) are com- 
pared with 28 consecutive patients with the 
same condition (Group 2) operated on from 
January through August, 1977. Left main coro- 
nary artery stenosis is defined as 7096 or more 
cross-sectional area stenosis. Left main coro- 
nary artery equivalent was excluded from this 
study. Clinical factors included age, sex, find- 
ings on electrocardiogram (ECG), and clinical 
status. Clinical status was divided into three 
categories: (1) angina, stable or unstable, the 
latter including recent onset of pain or a change 
in the pattern of pain or one of the following 
subsets: progressive or previously stable an- 
gina on effort occurring with minimal provoca- 
tion, pain at rest associated with disabling ef- 
fort angina, or prolonged episodes of pain 
without infarction; (2) highly unstable angina 
(preinfarctional), as defined by 20 minutes of 
persistent pain and ECG changes with pain de- 
spite maximum medical treatment in the hospi- 
tal with nitrates, propranolol, and narcotics; 
and (3) recent myocardial infarction (MI) with- 
out symptoms of angina. 

In Group 1, the mean age was 60 + 7.8 years 
(range, 41 to 70 years). Of the 20 patients, 16 
(80%) were men. Eleven patients (5596) had ab- 
normal ECGs, and 12 patients (6096) were in 
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category 1 in terms of clinical status, 6 (30%) 
were in category 2, and 2 (10%) were in cate- 
gory 3. In Group 2 the mean age was 56 + 9.6 
years (range, 41 to 75 years). Of the 28 patients, 
26 (93%) were men. Fourteen patients (50%) 
had an abnormal ECG, and 18 (64%) were in 
clinical category 1, 7 (25%) were in category 2, 
and 3 (11%) were in category 3. Statistical anal- 
ysis of each clinical factor in the two groups by 
Student t test showed no significant difference 
(p < 0.05) between the two groups. 

Coronary arteriography revealed that in 
Group 1, 2.9 coronary arteries were diseased 
per patient and in Group 2, 2.96, as judged on a 
maximum of 3 coronary arteries. Ventricular 
function was assessed by left ventriculography, 
and the ejection fraction (EF) was measured by 
the method of Dodge-Kennedy using the ellip- 
soid calculation on a three-dimensional scale. 
The mean EF of Group 1 was 44 + 14, and that 
of Group 2 was 48 + 10. The mean left ventricu- 
lar end-diastolic pressure (LVEDP) in Group 1 
was 11 + 6 mm Hg and in Group 2, 12 + 9 mm 
Hg. There was no statisticallv significant dif- 
ference between the two groups. 

Premedication for both groups consisted 
of morphine, diazepam, and scopolamine. In 
Group 1, however, propranolol was discon- 
tinued twenty-four hours before operation, 
whereas in Group 2, it was continued to the 
time of operation. In addition in Group 2, Ni- 
trol Ointment (nitroglycerin) was applied to the 
skin before the procedure. 


Instrumentation and Monitoring 


In the operating room, all patients had ECG 


monitoring of standard limb leads (I, II, III), 
percutaneous radial artery cannulation for arte- 
ria pressure monitoring, and percutaneous 
subclavian vein cannulation for fluid adminis- 
tration and central venous pressure monitoring. 
In Group 2 patients, a Swan-Ganz catheter with 
a thermistor tip was inserted percutaneously 
under local anesthesia into the subclavian vein. 
A pressure monitor was used to float the bal- 
loon tip into the pulmonary artery and fluoro- 
scopic control with the Phillips C-arm image 
amplified portable fluoroscope was employed 
in the operating room to confirm the position in 
the pulmonary artery. Left ventricular filling 


pressure was continuously monitored using the 
pulmonary artery end-diastolic pressure. Serial 
cardiec outputs were determined by thermo- 
dilution with the Edwards Laboratories Model 
9520 cardiac output computer. The follow- 
ing hemodynamic variables were calculated 
using standard formulas: cardiac index, stroke 
volume, stroke work, and systemic vascular re- 
sistance [15]. In Group 2, ventricular function 
curves were constructed by plotting either 
stroke work or cardiac index against left ven- 
tricula- filling pressure and then by rapid infu- 
sion o: dextran solution to raise this pressure 
4 mm Hg or more and repeating the mea- 
surements of cardiac output and arterial pres- 
sure. The ventricular function curves offer a 
quantirative assessment of ventricular perfor- 
mance [15] since the filling pressure was con- 
trolled and there were minimal changes in heart 
rate or systemic arterial pressure resulting from 
the dextran infusion in the time required for 
duplicate measurements of cardiac output. 

An indirect index of myocardial oxygen de- 
mand was calculated for all patients by multi- 
plying heart rate by systolic blood pressure to 
obtain the rate-pressure product. Baseline val- 
ues were obtained at the time of premedication, 
a second determination was made 15 minutes 
after arrival in the operating room, and a third 
determination was made at 30 minutes. Anes- 
thesia wwas standardized in both groups; in- 
duction consisted of thiopental, morphine, 
diazepam, and curare. Anesthesia was main- 
tained with 5096 nitrous oxide and oxygen in all 
patients. In Group 1, there were no treatment 
interventions before induction of anesthesia. In 
Group 2, however, optimal hemodynamic val- 
ues were established as follows: mean blood 
pressure, 80 to 90 mm Hg (as a measure of after- 
load); left ventricular filling pressure, 5 to 15 
mm Hg tas a measure of preload); heart rate, 70 
to 90 contractions per minute; cardiac index, 
3.5 + 1 liters per minute; and systemic vascular 
resistance, less than 35 Wood units. The upper 
limits for rate-pressure product were arbitrarily 
set at 12,)00. Treatment interventions in Group 
2 (Table) were as follows: afterload reduction 
with nitroprusside, 5 to 10 wg per kilogram per 
minute; heart rate reduction with reduction of 
rate-pressure product by intravenous adminis- 
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Treatment Interventions in Group 2 Patients 


Optimal Hemodynamic Values 


Preload Afterload 
Treatment (LVFP 5-15 (MBP, 80-90 
Intervention mm Hg) mm Hg) 
Nitroprusside T T 
Propranolol ] 
Volume l l 
Dopamine t : 


HR Cl 
(70—90 (35 t1 RPP 
contractions/min) L/min) (12,000) 
t 
1 t 
J 


LVFP = left ventricular filling pressure; MBP = mean blood pressure; HR = heart rate; CI = cardiac index; RPP = 


rate-pressure product. 


tration of propranolol in increments of 0.5 to 1.0 
mg; and alterations of preload by infusion of 
low molecular weight dextran or by intravenous 
administration of furosemide. If an increase in 
myocardial contractility was desired, dopa- 
mine, 5 to 30 wg per kilogram per minute, was 
used. More recently, nitroglycerin, 1 to 2 ug per 
kilogram per minute administered intrave- 
nously, has been used instead of nitroprusside 
for afterload reduction. The nitroglycerin solu- 
tion is prepared by dissolving twenty tablets of 
0.4 mg nitroglycerin in 20 ml saline solution 
and then passing it through a millipore filter 
into 250 ml dextrose in water. Pharmacological 
interventions to achieve optimal hemodynamic 
values were used in Group 2 patients before 
induction o: anesthesia, during induction, and 
throughout the perioperative period. 


Operative Technique 
The operative technique was standardized in all 
Group 1 and Group 2 patients using moderate 
systemic hypothermia, 30°C, with intermittent 
aortic cross-clamping and the heart fibrillating. 
Distal anastomoses were placed using intermit- 
tent ischemia with a short period of reperfusion 
between each graft. Proximal anastomoses were 
placed during the period of rewarming, with 
the heart beating and utilizing partial aortic oc- 
clusion. The membrane oxygenator was used 
and a left ventricular vent was avoided unless 
left ventricular filling pressure exceeded 20 mm 
Hg. In 3 patients in Group 2 potassium cardio- 
plegia was used as a method of myocardial pro- 
tection rather than intermittent ischemic arrest. 
The criteria for assessing perioperative MI 


have been described previously [14]. They in- 
clude serial ECGs with development of new Q 
waves or loss of R waves, and elevation of 
the creatine phosphokinase (CPK)—myocardial 
band (MB) isoenzymes as determined by mul- 
tiplying total CPK by percentage of MB; a value 
exceeding 100 is indicative of infarction. The 
third criterion is a positive postoperative myo- 
cardial scan using technetium pyrophosphate 
in the presence of a negative scan preopera- 
tively. 


Results 

In Group 1, the mean number of grafts per pa- 
tient was 3 + 0.6 (range, 2 to 5), mean ischemia 
time was 36 + 14 minutes (12 minutes per 
graft), and total bypass time was 104 + 32 min- 
utes. In Group 2, the mean number of grafts was 
3.5 + 0.8 per patient (range, 2 to 5), mean isch- 
emia time was 43 + 15 minutes (11.8 minutes 
per graft), and mean bypass time was 108 + 25 
minutes. There was no statistically significant 
difference in the two groups with respect to any 
variable (p < 0.05). Three patients in Group 2 
had potassium cardioplegia with a mean isch- 
emia time of 78 minutes and a mean bypass 
time of 118 minutes. 

Perioperative MI occurred in 2 patients (10%) 
in Group 1 and 1 (3.6%) in Group 2. Operative 
mortality was 4 (20%) in Group 1 and 1 (3.696) 
in Group 2. Ventricular fibrillation occurred in 
5 patients in Group 1 before cardiopulmonary 
bypass and in no patients in Group 2. The mean 
rate-pressure product preoperatively was 
10,656 + 2,231 in Group 1 and 9,591 + 1,078 in 
Group 2. There was an increase in rate-pressure 
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product in both groups within 15 minutes in 
the operating room, the respective values being 
15,486 + 3,341 and 16;571 + 4,927, not a statisti- 
cally significant difference. At 30 minutes 
Group 1 maintained a.mean value of 15,031 + 
3,673 and had received no specific treatment 
intervention. Group 2 had treatment interven- 
tions in 57% of the patients and the mean value 
of rate-pressure product was reduced to 10,779 
+ 2,472. This was significantly different from 
Group 1 (p < 0.01). - 

The results of perioperative MI in Group 1 
were 2 positive ECGs, an elevated CPK-MB level 
with a mean value of 100 IU (range, 20 to 250 
IU), and in 8 patients (4096) positive scans. In 
Group 2, 1 ECG was positive for infarction, the 
mean CPK-MB value was 37 (range, 17 to 150), 
and 9 patients (3396) had positive scans., Of 
Group 2 patients, 18 (6496) had a rate-pressure 
product greater than 12,000 requiring treatment 
intervention, and 16 (5796) had increased sys- 
temic vascular resistance of more than 35 Wood 
units. Data were not available from Group 1 to 
make comparative analyses of the following 
hemodynamic derivatives: cardiac output, car- 
diac index, stroke work index, systemic vascu- 
lar resistance, and ventricular function curves. 


Comment | 

A review of our 1976 series of 20 patients with 
left main coronary artery stenosis indicated an 
unacceptable high mortality of 4 patients or 
20%. Although the anesthetic record indicated 
a significant increase in the rate-pressure prod- 
uct in the operating room over preoperative 
values, it was even more striking that 5 patients 
subsequently had hypotension unresponsive to 
vasopressor intervention, serious arrhythmias, 
and ventricular fibrillation and that 3 of these 
patients died. 

From our clinical experience, supported by 
an early rise in CPK-MB determinations, it be- 
came clear to us that myocardial injury was oc- 
curring early as the patients arrived in the 
operating room. Rather than aggravate the situ- 
ation by insertion of the IABP under local anes- 
thesia with its attendant complications [2], we 
adopted the following approach: adequate 
premedication and continuation of proprano- 
lol up to the time of operation [10] and the 


supplemental use of Nitrol Ointment. This ap- 
proach has been satisfactory in 4096 of our pa- 
tients Adrenergic hyperactivity preceding car- 
diac cperation reaches a peak during the first 
few minutes in the operating room with the 
start of intravenous and arterial lines. It is at 
this trme that treatment interventions should 
begin, and precise hemodynamic monitoring is 
required for optimal therapy. The Swan-Ganz 
catheter with thermistor tip is easy to insert 
percutaneously into the subclavian vein in less 
than = minutes, and we have had no serious 
compl:cations in more than 100 consecutive pa- 


tients using pressure monitoring and fluoro- 


scopic control for positioning of the catheter. 
The hemodynamic data available by monitor- 
ing heart rate, arterial pressure, left ventricular 
filling pressure, and cardiac output and the de- 
rived data including cardiac index, stroke work 
index, and systemic vascular resistance offer 
precise information on the determinants of ven- 
tricular function. The fiber stretch is known 
from tre preload (left ventricular filling pres- 
sure), and the load resisting ejection (afterload) 
is derived from the mean arterial pressure. Al- 
though myocardial contractility is difficult to 
measure, construction of ventricular function 
curves [15] by rapid volume loading is a precise 
estimation of EF. 

Our zesults in Group 2 confirm our hypothe- 
sis that myocardial injury can be prevented in 
left ma:n coronary artery stenosis by maintain- 
ing optimal and physiological hemodynamics. 
The cardiovascular reflexes in the presence of 
adrenergic hyperactivity, ischemia, hyperten- 
sion, and increased heart rate, combined with a 
fixed ccronary obstruction, create an increase in 
myocardial oxygen consumption that exceeds 
supply in many patients undergoing coronary 
operation [8, 10, 11]. Propranolol administered 
intravenously is most valuable in reducing the 
high ra:e-pressure product values to less than 
12,000. Nitroprusside and intravenous admin- 
istration of nitroglycerin appear to be beneficial 
in reducing afterload and improving myocar- 
dial iszthemia during acute intraoperative 
hypertension [9, 16]. In Group 2, using precise 
hemodynamic monitoring and pharmacological 
interventions as outlined, -myocardial injury 
and mcrtality were markedly reduced. There 
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were no periods of serious hypotension or ven- 
tricular fibrillation before bypass, myocardial 
injury was minimized, and the only periopera- 
tive MI was not clinically notable. It was man- 
ifested only by ECG changes and mild elevation 
to 150 of CPK-MB isoenzymes. The sole death 
in Group 2 occurred 3 weeks after operation and 
was caused by stress ulceration and bleeding 
complicating a cerebral injury at the time of 
ventricular aneurysm resection. The death was 
not specifically related to the left main coronary 
artery stenosis. We presently reserve the use of 
the IABP for those patients who remain 
hemodynamically. unstable in the presence of 
maximum pharmacological interventions. 

It could be implied that the improved surgical 
mortality was due to experience gained by the 
operating team. We perform approximately 200 
cardiac bypass procedures each year, and in 
both Groups 1 and 2 the anesthesia, method 
of myocardial protection, and operative tech- 
niques were basically the same. Retrospective 
analysis of Group 1 clearly identified the prob- 
lems of systemic hypertension, cardiac failure, 
arrhythmias, and fatal myocardial injury occur- 
ring during the early phase of anesthesia, be- 
fore bypass, in all patients. Treatment interven- 
tions during this high-risk period in Group 2 
completely eliminated the problem. We, there- 
fore, conclude that treatment interventions to 
control] hypertension and tachycardia, mini- 
mize oxygen utilization, and provide optimal 
myocardial function have been the major factor 
in reducing the mortality in this high-risk group 
of patients, and we strongly recommend that 
these principles of management be used in all 
patients undergoing myocardial revasculariza- 
tion. Hemodynamic monitoring has provided 
precise guidelines for therapeutic interventions 
and a level of safety and confidence to optimize 
myocardial performance not only in patients 
with left main coronary artery stenosis, but in 
all high-risk cardiovascular patients. 
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Discussion 

DR. ELLIS L. JONES (Atlanta, GA): One hundred and 
thirty-five patients with left main coronary artery 
stenosis have been operated on at Emory University 
Hospital over the past three years. In dealing with 
such patients, we have evolved certain principles of 
prebypass management to effect a reduction in oper- 
ative morbidity and mortality. In the operating 
room, anything that increases myocardial oxygen 
demand or decreases oxygen supply must be 
avoided. Specifically, factors that increase heart rate 
or left ventricular contractility or wall tension must 
be prevented or recognized early and treated 
promptly. To prevent tachycardia or hypertension 
during this period, we have insisted that in patients 
on a regimen of propranolol the drug be continued 
but tapered, and the last dose administered twelve 
hours before anesthesia induction. If tachycardia oc- 
curs anyway, small repeated doses of propranolol 
may be given with good results. Episodes of hyper- 
tension or increases in pulmonary capillary wedge 
pressure (both of which increase oxygen demand) are 
promptly treated with nitroglycerin administered 
intravenously. We have found excellent correlation 
between rate-pressure product, as Dr. Moore stated, 
and ischemic V, precordial ECG changes before 
bypass. 

Of all conditions producing rapid irreversible de- 
terioration in patients with left main coronary artery 
stenosis, hypotension is the most feared. If it occurs, 
it is treated with Neo-Synephrine (phenylephrine 
hydrochloride) to increase peripheral resistance and 
elevate coronary perfusion pressure. Inotropic 
agents have not been given. Measurement of pulmo- 
nary capilary wedge pressure with the Swan-Ganz 
catheter has been performed only in patients with 
poor left ventricular function. We have thought that 
routine use of this catheter in patients with left main 
coronary artery disease too hazardous with regard to 
production of ventricular arrhythmias. 

Inotropic agents were required at some time in the 
postoperative period in 1796 of our patients. In- 
traaortic balloon pumping was needed in 496 of pa- 
tients but was not used in any patient before cardiac 
catheterization or bypass. With precise prebypass 
monitoring and good anesthetic technique, stabiliza- 
tion with intraaortic balloon pumping prior to car- 
diopulmonary bypass is not necessary and may even 
be hazardous in patients with left main coronary ar- 
tery, aortoiliac, and peripheral vascular disease. We 
consider routine use of preoperative intraaortic bal- 
loon pumping a less than ideal substitute for poor 
cardiac anesthesia. Hospital mortality for our pa- 
tients with left main coronary artery disease was 496, 
a figure similar to that presented today. 


DR. PETER V. MOULDER (Gainesville. FL): Our studies 
support Dr. Moore's contention that effective 
monitoring is important in the surgical management 


of left main coronary artery disease. With these cir- 
cumstances controlled, surgical risk is now well 
below its former level and is continuing to improve. 
Our efforts at further improvement have been to de- 
velop a monitoring technique that would blend the 
effects of preload, afterload, and contractility of the 
heart ir. a manner that could be observed continu- 
ously. One method has been to use the left ventricu- 
lar pressure-derivative loop (we have used it for 
more than ten years); the technique is somewhat 
similar :o the one Dr. Behrendt presented yesterday. 
Pattern variations in the loop occur with myocar- 
dial ischemia: the ordinarily smooth change on 
the ascending limb produced by the linear variation 
in time of the two signals comprising the pressure 
derivative loop becomes erratic due to hyper- and 
hypocontractility of various segments of the myocar- 
dium. Tris has been striking and the phenomenon is 
even more impressive with elevated afterload, 
although one cannot measure more than pressure 
load. Recently, we have applied frequency-domain 
transfer-function analysis using a number of 
paraven:ricular signals. A limited number of broad 
poles and zeros or humps and valleys represent the 
empirical indicator for useful measurement of the 
system under investigation. This looks promising: 
elevation of major poles occurs with increased after- 
load, and variation of the same pole and others oc- 
curs secondary to coronary artery occlusion. 

Ordinarily, one relies on a variety of mea- 
surements with limits set for each, and it is an art as 
well as a science to keep the "mixture" correct. Some 
unitary, zraphic, or numerical indicator for the inter- 
related phenomena seems the next step. We hope 
changes in the loops, humps, bumps, and zeros will 
do the trick. 


DR. DAVID BREGMAN (New York, NY): Dr. Moore and 
his associates have presented an admirable clinical 
series of patients with critical left main coronary ar- 
tery stenosis who have had careful hemodynamic 
monitoring without intraaortic balloon pump sup- 
port. 

At the Presbyterian Hospital our approach is to 
employ the same adjunctive procedures described by 
Dr. Moor, including the Swan-Ganz thermodilution 
catheter. In addition, a pulsatile assist device is also 
used to maximize myocardial protection until com- 
plete revascularization is achieved. 

One hundred consecutive patients (82 men and 18 
women) with angiographically documented critical 
left main coronary artery stenosis or equivalent left 
main coronary artery stenosis underwent a revas- 
cularization procedure. Intraoperatively, a pulsatile 
assist device was used as a counterpulsator. It was 
also used to produce pulsatile bypass synchronized 
in diastcle. Previous studies have shown that this 
technique reduces the incidence of myocardial in- 
farction during operation. 


AN 
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Seventy-seven patients (7796) were in either New 
York Heart Association Functional Class III or IV and 
had an ejection fraction of 0.4 or less and a left ven- 
tricular end-diastolic pressure of 18 mm Hg or higher 
preoperatively. Intraaortic balloon pumping was not 
employed in this series either before or after opera- 
tion. 

All patients were weaned from cardiopulmonary 
bypass with the pulsatile assist device alone. One 
patient (1%) died in the recovery room from an 
anaphylactic drug reaction, and only 2 (2%) had a 
perioperative myocardial infarction, which was clin- 
ically insigniticant. 

Intraoperative use of the pulsatile assist device 
during cardiopulmonary bypass in conjunction with 
careful hemodynamic monitoring successfully re- 
duces morbidity and mortality during revasculariza- 
tion procedures for critical left main coronary artery 
stenosis, even in the presence of impaired left ven- 
tricular function. We consider it a reasonable alterna- 
tive to the elective use of intraaortic balloon pump- 
ing. 


DR. MOORE: Í thank the discussants for their kind 


. comments. I am pleased that Dr. Jones and his group 


agree with our management and they certainly have 
had outstanding results. 

Dr. Moulder, high fidelity monitoring is required 
for measuring the pressure-derivative loops, and we 
consider the ventricular function curves to be a simi- 
lar, easier, and more reliable method of measuring 
myocardial contractility. Certainly, both are a new 
and improved adjunct for measuring contractility in 
the operating room. 

Dr. Bregman, we were pleased to see that you also 
do not advocate use of the preoperative intraaortic 
balloon pump, but rather pulsatile bypass for protec- 
tion. during cardiopulmonary bypass. Certainly, 
other techniques such as potassium cardioplegia may 
be useful in this group of patients. More recently, we 
have been using cardioplegia for protection during 
operation. 

Finally, I do not want anyone to think that subcla- 
vian vein catheterization is an innocuous procedure. 
We have discovered through long and hard experi- 
ence that there are many, many complications and 
that it is a dangerous procedure. However, after in- 
serting central venous pressure lines in several 
hundred patients, we have learned to avoid these 
complications but still take every degree of caution in 
doing so. 


Operative Treatment 


of Congenital Aortic Stenosis 


Neal W. Salomon, M.D., Edward B. Stinson, M.D., Philip Oyer, M.D., 
Jack G. Copeland, M.D., and Norman E. Shumway, M.D. 


ABSTRACT The operative treatment of 131 patients 
with congenital aortic stenosis is reviewed. Of the 
131 patients, 77% had left ventricular outflow tract 
(LVOT) obstruction at a single level and 23%, major 
obstruction at more than one level: There were 3 
operative deaths (2.3%) and 10 late deaths (7.8%). 
Twenty of the 128 discharged patients have under- 
gone a second procedure and 6 a third procedure for 
recurrent or residual LVOT obstruction. The 26 
reoperations included 7 aortic valve replacements, 4 
left ventricular apical-abdominal aortic (LV-AA) 
valved conduits, and 15 extensive aortic valvotomies 
with or without supravalvular aortoplasty. Five of 
the 20 patients undergoing reoperation died; 4 of 
these deaths occurred in patients who had valve re- 
placement at reoperation. The 4 who received 
LV-AA conduits have sustained excellent hemo- 
dynamic and clinical results with no complications. 
Highly satisfactory clinical results can be obtained 
with minimal operative risk, regardless of the level 
of LVOT obstruction. Reoperation for recurrent or 
residual LVOT obstruction, however, is compara- 
tively more hazardous, and alternative surgical ap- 
proaches (LV-AA conduits) should be considered. 


Congenital aortic stenosis is a relatively com- 
mon cardiac anomaly encountered in approxi- 
mately 5% of all children with congenital heart 
disease [12, 22}. The left ventricular outflow 
tract (LVOT) obstruction may occur at one or 
more of three separate levels: valvular, subval- 


vular, or supravalvular. Valvular aortic stenosis’ 


is the most common cause of LVOT obstruc- 
tion, and commissurotomy is the preferred ini- 
tial operative treatment. Localized supravalvu- 
lar aortic stenosis is best repaired by patch 
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angioplasty of the ascending aorta as described 
in 1961 by McGoon [20] and Starr [24] and their 
associstes. Subvalvular aortic stenosis repre- 
sents a spectrum of disease ranging from a dis- 
crete membranous diaphragm to diffuse hy- 
pertrophic muscular LVOT obstruction, with 
the proper operative therapy dictated by the 
anatorrical findings. 

The indications for operation and surgical 
technicue are now relatively well established, 
and recently emphasis has been placed on the 
long-te-m analysis of late results. Although ex- 
cellent clinical results are often achieved ini- 
tially, surgical therapy in most cases is still pal- 
liative rather than curative [27], as an increasing 
numbe- of these patients will eventually come 
to reoperation. 

This -eport presents our experience with 131 
consecutive patients with congenital aortic 
stenosis during a 17-year period at Stanford 
University Medical Center. Specific emphasis is 
placed on the results following reoperation. 


Material and Methods 

One huadred thirty-one patients with congeni- 
tal aorti- stenosis underwent operation at Stan- 
ford Uriversity Medical Center from 1960 to 
1977. Qne hundred were male. Patient age at 
operaticn ranged from 14 days to 25 years 
(mean, 10.7 + 5.7 years). Preoperatively, 79 of 
the 131 patients (60%) were symptomatic. 
Symptoms included exercise intolerance in 68, 
exertional dyspnea in 35, angina in 15, and syn- 
cope in 5. Seventy-seven percent (101 of 131) of 
the patients had LVOT obstruction at a single 
level: 28 subvalvular, 64 valvular, and 9 supra- 
valvular Twenty-three percent (30 of 131) of 
the patients had LVOT obstruction at more than 
one leve_. Table 1 presents a clinical summary of 
the patients. When both single and' multiple 
levels o£ LVOT occlusion .were considered to- 
gether, the anatomical types of obstruction 
were distributed as shown in Table 2. The 
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Table 1. Clinical Summary of 131 Patients with 
Congenital Aortic Stenosis 





Sex Age (yr) 
No. of ———— 
Level Patients M F Mean Range 
Subvalvular 28 21 7 10.6 2—22 
Valvular 64 91 13 9.2 2 wk-24 
Supravalvular 9 6 3 10.1 6-14 
Multiple 30 22 8 11.5 2 wk-25 


Table 2. Level of Left Ventricular Outflow Tract 
Obstruction ia 131 Patients 


No. of 

Level Patients 
Subaortic 

Discrete membranous 33 

Diffuse hypertrophic 10 
Valvular 

Unicuspid 2 

Bicuspid 78 

Tricuspid 6 

Undifferentiated 4 
Supravalvular 

Localized C 

Diffuse 6 


single most common anatomical finding was 
bicuspid valvular stenosis. In patients with 
subaortic stenosis, a discrete membranous dia- 
phragm was three times more prevalent than 
diffuse muscular hypertrophy. Localized su- 
pravalvular stenosis was a somewhat more fre- 
quent finding than diffuse stenosis or aortic 
root hypoplasia. 

Thirty-six percent of the patients had car- 
diomegaly on routine chest roentgenograms 
and 7596 had left ventricular hypertrophy and 
strain on preoperative electrocardiography. As- 
sociated cardiac anomalies included patent duc- 
tus arteriosus in 5 patients, coarctation of the 
aorta in 6, subendocardial fibroelastosis in 4, 
coronary artery anomalies in 3, and patent 
foramen ovale in 2. 

All operations were performed through a 
median sternotomy. Standard techniques of 
cardiopulmonary bypass were utilized with 
either a disc or a disposable bubble-type 
oxygenator. Generally, moderately low flow 


rates (75 to 100 ml per kilogram of body weight) 
and moderate systemic hypothermia (30° to 
32°C) were used. Aortic cross-clamping was 
combined with profound topical myocardial 
hypothermia induced by continuous irrigation 
of the pericardial sac with iced normal saline at 
3° to 4°C for myocardial preservation [13]. An 
oblique curvilinear aortotomy extending into 
the noncoronary sinus was used for routine ex- 
posure of the aortic annulus. In cases of aortic 
valve stenosis, the number and extent of the 
commissural incisions were dictated by the ana- 
tomical findings. In general, a conservative ap- 
proach was taken, with some residual gradient 
being accepted in preference to creating major 
aortic incompetence. 

Supravalvular stenosis was managed by ex- 
tending the aortotomy across the narrowed 
segment and inserting a Dacron gusset as a 
patch aortoplasty. In some cases, actual excision 
of a segment of the constricting region en- 
hanced the luminal diameter. 

Discrete subvalvular membranous stenosis 
was approached through the aortic valve with 
the ring being resected as completely as possi- 
ble while avoiding aortic and mitral valve tissue 
as well as the conduction bundle. Diffuse 
hypertrophic subaortic stenosis was also ap- 
proached transvalvularly, using either a myot- 
omy or a more complete myectomy [21]. 

In 4 patients a left ventricular apical- 
abdominal aortic (LV-AA) conduit was con- 
structed, the technique being similar in all 
cases. A 20 mm nonrigid woven Dacron tube 
graft containing a 20 mm glutaraldehyde- 
stabilized porcine heterograft valve (Hancock 
Laboratories) was anastomosed to the left ven- 
tricular apex with interrupted pledgeted mat- 
tress sutures. À conical segment of left ventricu- 
lar myocardium was excised prior to the anas- 
tomosis to allow unobstructed graft inflow. The 
section. containing the valve was brought 
through an incision in the diaphragm to a 
retroperitoneal position, and the distal end was 
anastomosed to the side of the infrarenal aorta. 

Current follow-up evaluation of all but 3 dis- 
charged patients (9896) was obtained during a 
two-month closing interval ending June, 1977, 
by direct contact with the patient, the physi- 
cian, or both. At this writing the average 
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follow-up interval for all surviving patients was 
6.4 years (range, 0.5 to 17 years). 


Results 

Mortality 

There were 3 perioperative deaths (2.3%) dur- 
ing the initial operative procedure. Two of 
these deaths occurred in infants less than 1 
month of age who had hypoplastic left ventri- 
cles and died of refractory left ventricular fail- 
ure. The third early death was that of a 6-year- 
old boy with recurrent ventricular tachycardia 
who died from refractory ventricular ar- 
rhythmias several days following operation. 

There were 5 late deaths in patients who had 
undergone only a single operation. Two pa- 
tients, aged 1 and 12 years, died of progressive 
congestive heart failure unassociated with any 
correctable residual lesion. The 1-year-old had 
severe left ventricular endocardial fibroelas- 
tosis, found at postmortem examination. An- 
other 1-year-old child, who had undergone an 
aortic valvotomy as an infant, died suddenly at 
home, as did an 18-year-old boy who had 
undergone aortic valve commissurotomy sev- 
eral years before. These 2 patients represent the 
only sudden deaths in the entire postoperative 
series. Two years following aortic valvotomy, a 
12-year-old boy died from sepsis thought to be 
secondary to intravenous heroin use. 

Five of the 10 deaths listed as late were in 
patients undergoing reoperation; 3 of these 
' deaths actually occurred during the periopera- 
tive period and were classified as late only with 
respect to the initial operative procedure. One 
death at reoperation occurred in a 13-year-old 
boy 12 years following aortic valvotomy. He 
underwent aortic valve replacement but died of 
progressive left ventricular failure several days 
following reoperation. Death occurred in a 
9-year-old boy who had undergone aortic val- 
votomy, resection of subvalvular stenosis, re- 
pair of coarctation, and closure of a patent duc- 
tus arteriosus at age 3 months. At reoperation, 
repeat commissurotomy, resection of subaortic 
stenosis, and patch aortoplasty were per- 
formed. The patient needed intraaortic balloon 
support, however, and died of severe left ven- 
tricular failure one day postoperatively. At 
postmortem examination there was massive left 


ventricular hypertrophy, with the free wall of 
that ventricle being more than 7.5 cm thick. A 
16-year-old boy died during his third operation 
(secoz.d aortic valve replacement) after endocar- 
ditis developed on a homograft valve that 
necessitated re-replacement of both the valve 
and tze ascending aorta. 

A 14-year-old boy died of a documented ce- 
rebral embolus three months following aortic 
valve replacement with a Starr-Edwards pros- 
thesis. The final death was that of a 39-year-old 
womaa who, at age 24 years, had undergone 
aortic valvotomy and resection of subvalvular 
stenosis. Fourteen years later she required aor- 
tic anc mitral valve replacement with resection 
of residual subaortic stenosis. Endocarditis de- 
veloped with dehiscence of the mitral prosthe- 
sis, and she died following a second mitral 
valve replacement. 


Reoperation 

Twenty of the 128 discharged patients (15.6%) 
have undergone a second operation for recur- 
rent or residual LVOT obstruction from 1 to 15 
(mean, 6.0) years after the initial operation. Six 
patients have had a third operation. The 26 re- 
operative procedures included: 7 aortic valve 
replacements, 4 LV-AA valved conduits, and 15 
extensive aortic valvotomies with or without 
supravalvular aortoplasty or resection of sub- 
aortic tissue. The average age at initial opera- 
tion of patients requiring a subsequent surgical 
procedure for LVOT obstruction was 9.2 years, 
which was not significantly different from the 
mean oatient age of the group as a whole 
(10.7 years). Five of the 20 patients undergoing 
reoperstion died, accounting for 38% of the 
total deaths. Four of these deaths occurred in: 
patients undergoing aortic valve replacement at 
reoperation. 

In 4 »atients an LV-AA valved conduit was 
used to relieve recurrent severe LVOT obstruc- 
tion. In all 4 cases the abdominal aorta was ab- 
normally small, never more than 1 cm in diame- 
ter. Currently, none of the patients with an 
LV-AA conduit is receiving anticoagulants. 

Ihe first LV-AA conduit was used in a 16- 
year-old boy who had originally undergone 
aortic valvotomy at age 8 years. Four years later, 
repeat aortic valvotomy and patch aortoplasty 


` 
w-- 


455 Salomon et al: Congenital Aortic Stenosis 


were necessary. Four years after that, recurrent 
LVOT obstruction necessitated a third proce- 
dure. Resection of residual or recurrent subval- 
vular stenosis, closure of a small infracristal 
ventricular septal defect (VSD), and construc- 
tion of an LV-AA valved conduit were per- 
formed. Recovery was uneventful, and func- 
tional results have been excellent. 

A 9-year-old boy with severe subvalvular and 
valvular LVOT obstruction had originally 
undergone resection of subvalvular stenosis 
and commissurotomy at age 5 years. Three and 
one-half years later a repeat operation was nec- 
essary. One year later the patient underwent 
construction of an LV-AA conduit and closure 
of a small, probably iatrogenic supracristal 
VSD. Recovery was uneventful, and his post- 
operative functional status remains excellent. 

A third patient was a 12-year-old boy who 
had undergone staged relief of multilevel LVOT 
obstruction 5 years earlier. Postductal coarcta- 
tion of the aorta was repaired through a left 
thoracotomy, and through a median ster- 
notomy an aortic valvotomy and patch aorto- 
plasty were performed. Recurrent LVOT obstruc- 
tion necessitated reoperation. Preoperative 
catheterization demonstrated severe stenosis at 
the subvalvular, valvular, and supravalvular 
levels, and the patient underwent placement of 
a valved conduit from the left ventricular apex 
to the infrarenal abdominal aorta. Recovery was 
uneventful, and the patient continued to do 
well 1 year postoperatively. 

Several years after he had undergone two at- 
tempts at repair of severe supravalvular aortic 
stenosis, a 14-year-old boy had a 130 mm Hg 
residual gradient. The aortic root was markedly 
hypoplastic and not amenable to primary re- 
construction. Consequently, an LV-AA conduit 
was constructed with good results. 


Morbidity 

Major nonfatal postoperative complications in- 
cluded: ventricular arrhythmias in 5 patients, 
permanent complete heart block requiring 
pacemaker implantation in 1 patient, sternal 
dehiscence in 1 patient, renal failure in 1 pa- 
tient, hemorrhage requiring reexploration in 4 
patients, and myocardial infarction in 2 pa- 
tients. 
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Fig 1. Preoperative and postoperative New York Heart 
Association Functional Class. 


Functional Class 
Evaluation of the preoperative and postopera- 
tive New York Heart Association Functional 
Classification of surviving patients (Fig 1) dem- 
onstrates marked postoperative clinical im- 
provement. These results are encouraging in 
that the vast majority of these operative proce- 
dures are considered palliative because the pa- 
tients are often left with residual gradients or 
iatrogenic aortic incompetence or both. 
Because of the difficulty in evaluating symp- 
toms in small children, functional class was not 
assigned to patients under 5 years of age. Of the 
110 remaining patients, preoperatively 56% 
were in Functional Class I, 39% in Class II, and 
596 in Class III. Postoperatively, 9596 were in 
Class I and 596 in Class II. 


Hemodynamic Data 

Preoperative and postoperative transaortic peak 
systolic gradients are shown in Table 3. In gen- 
eral, only the more symptomatic patients had 
recatheterization; thus the postoperative data 
are heavily weighed toward patients with the 
least satisfactory results. This is documented by 
the fact that 20 of the 38 patients who were re- 


Table 3. Peak Resting Systolic Gradients Across the 
Aorta Before and After Operation 


Preop. Postop. 

Value No. of Value No. of 
Level (mm Hg) Patients (mm Hg) Patients 
Subvalvular 85 26 40 8 
Valvular 81 60 60 30 
Supravalvular 79 9 "— 0 
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Fig 3. All patients versus simulated survival of a normal 
age- and sex-matched population over a 15-year period. 


catheterized underwent subsequent operation 
for relief of LVOT obstruction at one or more 
levels. In addition, transaortic gradients were 
measured only at rest, and no information is 
available with regard to exercise-induced 
changes in either gradient or valve area. 


Actuarial Survival 

Both survival and reoperation-free event curves 
were actuarially calculated for the entire group 
[1] (Fig 2). Three years following the initial op- 
eration, 95 + 2% of the patients were reopera- 
. tion free; at 10 years, 76 + 5%; and at 15 years, 59 
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+ 10%. Overall actuarial survival, including re- 
operative statistics and perioperative mortality, 
demonstrate a 5-year survival of 91 + 2%, 
which cecreases to 88 + 3% at 10 years and 76 + 
8% at 15 years. These results corroborate a recent 
similar analysis by Lawson and co-workers [19]. 

An additional analysis was made comparing 
the entize group of patients with congenital aor- 
tic stenosis to the normal population matched 
for age and sex. With prolonged follow-up, an 
increasingly significant difference in actuarial 
surviva. is evident, as demonstrated in Fig- 
ure 3. 
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Comment 

The results of this retrospective analysis of 131 
consecutive patients with congenital LVOT 
obstruction substantiate the general safety and 
efficacy of surgical therapy for congenital aortic 
stenosis. In most instances operation can be 
performed with a low mortality (2.3% in this 
series) and a high probability of successful out- 
come [3, 7, 19]. This and other recent studies 
emphasize, however, the palliative nature of 
operative intervention. With increasingly long 
follow-up, a greater proportion of patients will 
come to reoperation [19]. At 10 years following 
their initial operation, 24% of the surviving pa- 
tients in our series had undergone a sub- 
sequent operative procedure. Lawson and col- 
leagues [19] reoperated on 18% of their patients 
within 10 years. The vast majority of reopera- 
tions are needed for residual or recurrent 
stenosis; iatrogenic aortic Incompetence was 


not the primary indication for reoperation in . 


any patient in this series. This reflects our pol- 
icy of avoiding the creation or exacerbation of 
aortic regurgitation, even at the risk of accept- 
ing a residual gradient. It is our belief that 
moderate LVOT stenosis is tolerated far better 
than a similar degree of aortic incompetence. 
Two high-risk subgroups have been clearly 
identified. The group with the highest early 
mortality are infants less than 1 year old [18]. 
The significantly higher mortality reflects sev- 
eral factors. First, these infants manifest se- 
verely symptomatic congestive heart failure. 
Second, associated cardiac anomalies more 
commonly affect both early and late results, 
especially in patients with hypoplastic left heart 
and endocardial fibroelastosis. Third, operative 
repair is often more difficult and less precise 
than in older patients. This group represents 
one of the most challenging facets of congenital 
aortic stenosis, and although operative meth- 
ods are generally well standardized, a wide va- 
riety of surgical approaches have been advo- 
cated. These include surface-induced deep 
hypothermia and circulatory arrest [7], closed 
transventricular aortic valvotomy [26], val- 
votomy with venous inflow occlusion [16], and 
conventional extracorporeal venoarterial by- 
pass. At present there seems to be no clear- 
cut advantage to one approach over another. 


The other patient group at considerably 
higher than average risk are those patients who 
require reoperation for residual -or recurrent 
LVOT obstruction. It is clear that with long- 
term follow-up, an increasing proportion of pa- 
tients will come to reoperation. The choice of 
the subsequent procedure will be determined 
by both the anatomy of the LVOT obstruction 
and the patient's age and size. 

Five of the 20 patients (25%) undergoing a 
subsequent operation died, accounting for 38% 
of the total deaths in the series. Four of the 5 
died following aortic valve replacement. 

In contrast, 4 patients with recurrent or re- 
sidual extensive LVOT obstruction who re- 
ceived LV-AA conduits enjoyed relatively be- 
nign postoperative recoveries. In each case, 
a woven Dacron tube graft containing a 
glutaraldehyde-treated Hancock porcine aortic 
valve was inserted between the left ventricular 
apex and the infrarenal abdominal aorta. The 
concept of providing an alternative left ven- 
tricular outlet dates back to 1910, when Alexis 
Carrel attempted to divert blood flow from the 
ascending aorta using a bypass from the left 
ventricle to the descending aorta [6]. Sub- 
sequent experimental work by Jeger [15] and 
Hufnagel [14] and by Bailey [2], Donovan [11], 
and Sarnoff [23] and their associates led to clini- 
cal application of this technique by Templeton 
in the early 1960s.* Although this experience 
was apparently successful, it was not widely 
publicized, and no further experience with the 


technique was reported until 1975, when Bern- 
hard and associates [4] used a composite con- 


duit with a rigid left ventricular inlet. Similar 
successful results have been reported by Dem- 
bitsky and Weldon [10], who also used a rigid 
left ventricular apical stent. Their preference for 
a rigid stent was based partly on experimental 
work by Brown and co-workers [5]. More re- 
cently, Norman, Cooley, and their associates [8, 
9] have described the successful clinical appli- 
cation of a new commercially available valved 
conduit that features a semirigid left ventricular 
apical stent. | 

The technique used in our patients in- 
volved excision of a conical segment of the left 


"Templeton JY: Personal communication, 1961. 
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ventricular apical myocardium, beveling the 
incision so that the endocardial diameter was 
slightly larger than the epicardial. With 
Teflon-pledgeted horizontal mattress sutures of 
3-0 braided polyester, the proximal end of the 
Dacron graft was invaginated into the elliptical 
apical incision. The grafts were brought 
through an incision in the left hemidiaphragm 
in a retroperitoneal position and the distal anas- 
tomosis was made end-to-side to the infrarenal 
aorta. The valve itself was positioned below the 
diaphragm. Prior to closure, simultaneous aor- 
tic and left ventricular intracavitary pressures 
were measured with the conduit both opened 
and occluded. With the conduits temporarily 
occluded, the mean pressure gradient between 
the left ventricle and aorta was 65 mm Hg; 
when the conduit was opened; 3 patients had 
no measurable peak or mean left ventricular- 
aortic gradient. One further patient, the 12- 
year-old boy with a very narrow abdominal 
aorta (approximately 6 to 8 mm in diameter), 
had a residual gradient of 30 mm Hg. This is the 
only patient who underwent postoperative 
catheterization and angiography. There was an 
80 mm Hg peak systolic gradient between the 
left ventricle and the ascending aorta and a 40 
mm Hg gradient between the left ventricle and 
the distal end of the conduit, with minimal con- 
tribution across the heterograft valve. On left 
ventriculography the ventricle ejected through 
both the apical conduit and the native aortic 
valve until midsystole, at which time the apical 
musculature obliterated the conduit opening. 
Semiquantitative technetium scanning sug- 
gests that approximately 60 to 70% of the left 
ventricular flow passes through the conduit. 
One year postoperatively the patient was clini- 
cally improved and scheduled to undergo 
follow-up catheterization. 

All 4 of these patients had marked cardiomeg- 
aly as well as extensive postoperative pericar- 
dial and thoracic adhesions. For these reasons, 
it was thought that a more satisfactory distal 
anastomosis with less likelihood of conduit an- 
gulation could be accomplished using the ab- 
dominal rather than the thoracic aorta. 

Recently there have been several reports of 
new surgical techniques designed to enlarge 
the aortic annulus in cases of annular hypopla- 


sia. Konno [17] and Symbas [25] and their 
associztes have described incising the interven- 
tricula> septum and enlarging the available an- 
nulus diameter by patching both the septum 
and the right ventricular outflow tract. We have 
not yethad any experience with this technique. 

Attempts at determining statistically signifi- 
cant preoperative risk factors for overall survi- 
val as well as for the predictability of reopera- 
tion were generally inconclusive. Factors taken 
into consideration were: age and size at the ini- 
tial operation, severity of the left ventricular- 
aortic gradient, levels of obstruction, type of 
repair performed at the initial operation, pres- 
ence of symptoms both before and after opera- 
tion, cardiomegaly on chest roentgenography, 
and left ventricular hypertrophy on electrocar- 
diography. The only variable that attained 
statistical significance (p « 0.05) as a risk factor 
for botr. overall survival and reoperation was 
patient age less than 2 years at initial operation. 
The 8 patients younger than 2 years old had a 
significently higher mortality and probability 
of need for subsequent operation than did the 
remainder of the group. This clearly reflects 
both the greater severity of LVOT obstruction 
and the difficulty in attaining an adequate re- 
pair in tris age group. 

In suramary, when the entire spectrum of 
congenital aortic stenosis is considered, highly 
satisfactory clinical results can be obtained with 
minimal operative risk, regardless of the level 
of LVOT obstruction. The palliative nature of 
initial surgical repair is acknowledged, and cer- 
tain hign-risk situations, i.e., operating on 
children under 2 years of age and reoperation 
for recurrent or residual stenosis, must be rec- 
ognized. Recent advances in the design of ven- 
triculoaortic valved conduits and more radical 
reconstruction of the LVOT to allow insertion of 
adequate-sized prostheses may provide alterna- 
tive means of relieving aortic stenosis. 
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Discussion 

DR. FREDERICK O. BOWMAN, JR. (New York, NY): Dr. 
Salomon and his colleagues are to be congratulated 
not only for their fine results and an excellent presen- 
tation, but for their emphasis on a real problem in 
patients with congenital LVOT obstruction: that is, 
that so many of the operations we perform primarily 
in this group of patients are only palliative and must 
be considered as such as each patient is followed 
through the years. Even discrete localized subvalvu- 
lar stenosis, long considered to be easily repaired at 
primary operation, occasionally requires reopera- 
tion. 

Our experience has been similar to theirs. From 
1960 to 1976 we operated on 100 patients aged 2 days 
to 16 years. Valvular stenosis accounted for 59, sub- 
valvular for 30, and supravalvular for 11 patients in 
Our series. | 

Of the 44 older patients with valvular stenosis, 39 
had commissurotomy, but 5 between the ages of 12 
and 15 years required valve replacement. Only 3 pa- 
tients in this group have required reoperation so far, 
but there are others in the wings. There were no 
operative or late deaths. Thirty percent have a degree 
of aortic insufficiency that is well tolerated, as in the 
Stanford experience. 
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Among the 15 infants, aged 2 days to 6 months, the 
operative mortality was significant: 40%. The 9 sur- 
vivors have been followed 1 to & years. Three have 
mild aortic insufficiency. All are asymptomatic, with 
good growth and development, and no infant has yet 
required reoperation. 

We have not yet had the opportunity to try the 
LV-AA conduit. The authors appear to have pre- 
sented a good case for it, however, and I imagine 
other discussants will add to it today. 

I would like to ask the authors about their long- 
term follow-up in the group with supravalvular 
stenosis. While we have not had to reoperate, it is my 
opinion that because of residual distortion of the aor- 
tic valve after patch repair of supravalvular stenosis, 
a large number of this group may require later reop- 
eration. 


DR. ROBERT L. REPLOGLE (Chicago, IL): I want to ask 
the authors what their indications for operation are. 
Perhaps they would tell us the pressure gradient at 
which surgical treatment is recommended in congen- 
ital aortic stenosis. | 

-As a follow-up question, since the aortic valve in 
discrete subvalvular stenosis is normal, I would like 
to know whether they would recommend resection of 
a discrete subvalvular membrane at lower pressure 
gradients than they would for valvular stenosis? 


DR. JOHN C. NORMAN (Houston, TX): I very much en- 
joyed this paper and was particularly impressed with 
the frequency and mortality of reoperation. In Hous- 
ton, we have an increasing experience with creation 
of double-outlet left ventricles; our series is in the 
range of 25 to 30 patients. 

The point I would like to leave with you, which I 
would strongly suggest to the authors, is this: We 
started our series some 3 or 4 years ago using only a 
graft anastomosed to the apex of the left ventricle. In 
follow-up, those grafts tended to obstruct during sys- 


tole. W2 then modified our approach to include use 
of a rig-d polished Pyrolite prosthesis to replace the 


- left veniricular apex, with the graft extending to the 


supraceliac abdominal aorta. The results are excellent 
(Circulation 56:62, 1977). We are pleased with this 
approach and are making these prostheses for other 
groups in the United States and elsewhere. 


DR. SALOMON: I thank the discussants. First, Dr. 
Bowman, we have not yet had any experience 
reoperating on patients with supravalvular stenosis, 
so I can’t comment specifically. I would like to men- 
tion one point in that regard, though. Initially, up to 
a year cr so ago, we were using the usual Dacron 
graft meterial and then thought we would try some 
less porous fabric. We went to the expanded Teflon 
Gore-Tex material and have had good results using it 
for a paich angioplasty. 

With regard to Dr. Replogle's second comment, we 
go for as complete a repair as possible, and we would 
resect the subvalvular membrane. The usual pre- 
operativa gradient is about 50 mm Hg, but of course 
it is highly variable. 

I thank Dr. Norman and certainly acknowledge his 
pioneering work. I am glad someone brought up the 
questior of flexible versus rigid conduit design. The : 
4 patierss reported here are the only cases in which 
we have used the LV-AA valved conduit, and we 
chose th2 flexible type. In 3 cases it proved entirely 
satisfactory. On the operating table we would 
occlude -he graft and measure transaortic gradients, 
which were minimal across the conduit while it was 
open and dramatic when closed. 

In a petient with a very small, almost atretic infra- 
renal abdominal aorta, however, we did have a re- 
sidual 31 to 40 mm Hg gradient that was initially 
attributed to the small aorta, but on a late postopera- 
tive angidgram I believe we did see late systolic com- 
pression at the left ventricular apex. I think the flexi- 
ble conduit will probably give way to a rigid one so 
long as i- is designed to be nonthrombogenic. 
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'everal years ago, we introduced the Datascope 
tem 80 Intra-Aortic Balloon Pump. Since that 

2 it has proven itself to be the most reliable system 
1e world. 

Ve just improved on it. With the new Datascope 
tem 82. 

he System 82 is dramatically simpler to 

erstand and to operate. Setting two prominent 

e controls is essentially all that is needed for 

der adjustment. 

o test its simplicity, we gave it to nurses who had 
er seen it before. With no instruction whatsoever, 
' were able to understand and adjust each control. 
he System 82 is 50% quieter than its predecessor. 
‘utilizes a revolutionary Electrosurgical 

rference Suppression Module, ESIS. In most 

$, this device virtually eliminates RF 

rference due to electrocautery. Which means a 

e reliable triggering signal. 

ve’ve also improved the monitor itself. We made 
n-fade. Which gives it a clearer, more effective 
lay. So you not only get a better display of patient 
, but also of system control signals. 

ut we didn't change everything. We've kept 

ty of the things that made our System 80 so 
:essful. 

le haven't changed the unique Datascope 
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Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 


Datascope System 82 
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and preserve your personal copies of 


THE ANNALS OF THORACIC SURGERY 


A durable, custom-designed Library Case or Binder will protect your 
copies of THE ANNALS OF THORACIC SURGERY from loss and 
wear. At the same time, this impressive addition to your library will help 
you conserve valuable space and reduce clutter. Both the case and the 
binder come in handsome maroon simulated leather, with an 
embossed spine in 16-K gold lettering for maximum legibility. Scuff- 
resistant and washable, each includes gold transfer so you can print the 
volume and year. 


Order your Library Case or Binder for THE ANNALS OF THORAC:C 
SURGERY by simply mailing the cou- 
pon opposite with your check, specify- 
ing with your order which style and 
size you prefer. Satisfaction is uncondi- 
tionally guaranteed or your money 
back. 
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CLINIFLOW ® provides the most 
advanced clinical blood flow 
measurement system available. With the 
maximum in patient safety and operating 
simplicity. 

CME also offers the industry's widest 
variety of pre-calibrated acute, chronic 
and extracorporeal probes to fit almost 
application. Write or call for full 


CME... first in flowmetry. 


CAROLINA MEDICAL 
” ELECTRONICS, INC. 


P.O. BOX 307, KING, NORTH CAROLINA 27021 USA 
TELEPHONE (919) 983-5132 
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P.O. Box 5120 Dept. ATS 
Philadelphia, PA 19141 


My check or money order for 

$  . —isenclosed. Please send 

me: 

[] THE ANNALS OF THORACIC 
SURGERY Binder(s), for issues from 
January, 1976 to present. Each binder 
holds 12 issues. Prices: $6.50 each; 

4 for $25.00. 


[] THE ANNALS OF THORACIC 
SURGERY Case(s) for issues from 
January, 1976 to present. Each case 
holds 12 issues. Prices: $4.95 each; 
3 for $14.00; 6 for $24.00. 


[] THE ANNALS OF THORACIC 
SURGERY Case(s) for issues prior to 
January, 1976. Each case holds 12 
issues. Prices: $4.95 each; 3 for 
$14.00; 6 for $24.00. 


Name 
Address 
City State Zip 


(The prices above include postage and handling 
within the United States; make checks payable 
to Jesse Jones Box Corp.). For all orders out- 
side the United States, please add $1.00 per 
unit. 
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[Amikacin] also has the remarkable 
property...of being inactivated by only 
pne aminoglycoside-inactivating enzyme." 


ow MD. An Overview of Pediatric Experience with 
Amikacin. Am J Med (special issue): 167-171, June 1977. 


he standard dose of amikacin usually 
produces a peak serum concentration which 
s five times the MIC of most pathogens.” 


renholme GM. McKellar PP, Rivera N, et al: Amikacin in the treatment of 
gram-negative pneumonia. Am J Med 62:949-953, June 1977. 


hen these 17 patients, who had previously 


ailed to respond to gentamicin therapy, were 


reated with amikacin, the response was 
avorable in 16.” 


ally FP, Gorbach SL: Review of 152 patients with bacteremias treated with 
amikacin. Am J Med 62:940-944, June 1977. 


In general, against many gram-negative 
bacterial species, amikacin is the most 
effective antibiotic currently available for 
use...” 


Marget W. Reindke B, Versmold H: use of amikacin in a hospital for children: 
Microbiological and clinical studies. J Infect Dis 134 (suppl): $412-S419, 
ovember 1976. 


BETON combination with high doses of carbeni- 
cillin or ticarcillin in patients 

with renal failure, there 

is less chance of interac- 

tion...when it is amikacin.” 


Holt HA, Broughall JM, McCarthy M, et al: 
Interactions between aminoglycoside 
antibiotics and carbenicillin or ticarcillin. 
Infection 4 (2):107-109, 1976. 


Despite extensive use 
over a three year 
period...we have not 
encountered additional 
instances of 
Enterobacteriaceae 
resistance to amikacin 
therapy...” 


Doughty SC, Martin RR, Greenberg SB: 
Treatment of hospital-acquired 
infections with amikacin. 
Am J Med (special issue): 53-57, 

une 1977. 
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“Amikacin sulfate...should be 
the empiric agent of choice for patient 
with serious sepsi 


Hewitt WL. Gram-Negative Sepsis Symposium, Bosto 
Massachusetts, January 24, 197( 


“All isolates were inhibited by amikacin ang 
95% were killed by concentrations achievable 
in serum with recommended doses 


Leonard JM. McGee ZA, Alford RH: Gentamicin-resistant bacillary infectio 
Arch Intern Med 138:201-205, Feb. 197 


“All serum levels obtained within three hour 
following a dose of amikacin exceeded the 
MIC’s of the infecting organisms. 


Pollock AA, et al: Amikacin therapy for serious gram-negative infection, JAM 
237:562-564, Feb. 197 


“High serum levels of amikacin were obtaine¢ 
with no evidence of renal or ototoxicit 


Eller JJ. et al: Amikacin treatment of pseudomonas pneumonia in cystic fibros 
patients with advanced pulmonary involvement. Am J Med (special issue 
179-185, June 197 


“ „amikacin is effective therapy for severe 
gram-negative infections and is no morg 
ototoxic or nephrotoxic than gentamici 


Smith CR, Baughman KL, Edwards CG, et al: Controlled comparison of amikac 
and gentamicin. N Engl J Med 296:349-353, Feb. 197 


“amikacin provides the physicia 
with a better chance o 

obtaining therapeutic blood level 
above and beyond the MIC 

of the organis 

in questio 


Klainer AS, Five questions: A comparati 
analysis of the newest aminoglycosid 
film Sept. 197 


“only one enzyme foung 

in gram-negative bacteri 
affected amikacin potenc 
whereas six enzyme 

affected gentamicin anq 
sisomicin; five, kanam 

cin and tobramycin anq 
four, netilmici 


Price K, et al: Amikacin activity, Am J Me 
(special issue) 14-24 June 197 
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In-vitro superiority "Ez 


against today’s ` 
hospital pathogens _ 


Against 409 bacterial isolates, Amikin* 
(amikacin sulfate) activity was compared 90 
to leading injectable antibiotics. None of 

these agents inhibited as high a percentage 50 
of strains as did Amikin. 


40 
30 r4 
z E 
20 Q = 
v E 
Susceptibility determined by the agar dilution test F3 - 
method, data on file, Bristol Laboratories. Caution, in 10 = Ww 
vitro data cannot be directly correlated to clinical < g 
effectiveness. 0 


Least inactivated 
In combination 


When carbenicillin or ticarcillin is 

combined /n vitro with ordinary 
aminoglycosides, a significant reduction in 
aminoglycoside activity may occur. 

Virtually uneffected in the presence of 
ticarcillin, Amikin is also min mally 
compromised by carbenicillin...while other 
aminoglycosides may lose up to 50% c: their 
activity in patients with renal impairment! 


Adapted from Holt HA, Broughall JM, McCarthy M, et 
al: Interactions between aminoglycoside antibiotics 
and carbenicillin or ticarcillin, Infection 

4(2):107-109. 1976. 

Caution, in vitro data cannot be directly 

correlated to clinical effectiveness. 
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40 40 
‘ Broader 
z AMIKACIN TOXIC LEVEL E - ca 
8 8 
; ; therapeutic index 
o o 
6 5 
° > Amikin’s Toxic-to-Therapeutic Index 
E 2 (ratio of toxic serum level to Mean MIC) 
ES . LI . 
E Amikacin 500 mg IM s is three times pier than the next leading 
(7.5 mg/Kg)* E: aminoglycoside! 
(in volunteers) ho eet è : 
Because individual patient serum levels may 
20 20 vary from statistical averages, Amikin's broader 
margins reduce the risk of subtherapeutic 
or toxic dosage. 
GENTAMICIN TOXIC LEVEL 
10 10 
Gentamicin 1 mg/Kg IMt 
AMIKACIN 
MEAN MIC GENTAMICIN 
MEAN MIC* 
* Data on file, Bristol Laboratories 
0 0 tConcentration curves adapted from: Winter RE, 
hours 1 2 3 4 5 6 7 8 hours 1 2 3 4 5 6 7 8 Litwack KD, Hewitt WL: J infect Dis 124 (suppl): 
AMIKACIN GENTAMICIN 590-595, December 1971 


COMPARISON OF OTO- AND NEPHROTOXICITY 
AS DETECTED BY AUDIOMETRIC & 
RENAL FUNCTION MONITORING 


Well tolerated 


As with other aminoglycosides, 
adverse auditory and renal reac- 
tions may occur at higher doses, 
reversible in some instances. But, 
in a study comparing the oto- and 
nephrotoxicity of amikacin and 
gentamicin among 53 monitored 
patients, Amikin demonstrated a 
significantly reduced side effects 
risk. (Other published studies 
have shown little or no differences 
in toxicity). 

Special Note: In Amikin clinical trials, hearing 


loss was rarely clinical and usually an audiogram 
was needed to identify such a loss. Adverse 





23.1% renal reactions due to Amikin usually consisted 
of elevations of serum creatinine and/or BUN, 
which were usually reversible. 

Adapted from Lerner SA, Seligsohn R, 
Rudd R and Matz GJ. Comparative clinical 
AMIKIN GENTAMICIN studies of ototoxicity and nephrotoxicity 
TREATED TREATED of amikacin and gentamicin. Proceedings 
PATIENTS PATIENTS 10th International Congress of Chemo- 
(27) (26) therapy, Zurich, Switzerland Sept. 1977. 





Probably today's most 
important hospital antibiotic. 


Please see full prescribing information following. 





AMIKIN > 


AMIKACIN SULFATE 
Probably today's most important hospital antibiotic. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN®(amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: 

Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestib- 
ular, can occur in patients treated at 
higher doses or for periods longer than 
those recommended. The risk of amikacin- 
induced ototoxicity is greater in patients 
with renal damage. High frequency deaf- 
ness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in 
infants is not known. Until more safety 
reports become available, amikacin 
should be used in infants only in those 
specific circumstances when suscepti- 
bility testing indicates that other amino- 
glycosides cannot be used or are 
otherwise contraindicated, and when the 
infant can be observed closely for 
evidence of toxicity. 

Aminoglycosides are potentially nephro- 
toxic. Renal and eighth-nerve function 
should be closely monitored in patients 
with known or suspected renal impairment 
and also in those whose renal function is 
initially normal but who develop signs of 
renal dysfunction during therapy. 
Evidence of impairment in renal, vestib- 
ular or auditory function requires discon- 
tinuation of the drug or dosage adjustment. 

Serum concentrations should be 
monitored when feasible, and prolonged 
concentrations above 35 mcg./ml. should 
be avoided. Urine should be examined 
for increased excretion of protein, cells 
and casts. 

Concurrent and/or sequential use of 
topically or systemically neurotoxic or 
nephrotoxic antibiotics should be avoided. 

Amikin should not be given concur- 
rently with potent diuretics. 

Usage in Pregnancy: Amikin should be 
used in pregnant women only when 
clearly needed. 


Indications: 
Serious infections due to susceptible strains 
of Gram-negative bacteria including pseu- 
domonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 
acinetobacter sp. Culture and sensitivity 
studies should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia 





(including neonatal sepsis); in serious infec- 
tions of the respiratory tract, bones and joints, 
central nervous system (including meningitis) 
and skin and soft-tissue; intra-abdaminal 
infections (including peritonitis); amd in 
burns and post-operative infections (includ- 
ing post-vascular surgery). Clinical studies 
have shown Amikin (amikacin sulfate) also to 
be effective in serious complicatec and re- 
Current urinary tract infections due to these 
organisms. Aminoglycosides, including 
Amikin injectable, are not indicated in un- 
complicated initial episodes of urinary tract 
infections unless the causative organisms 
are not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed 
to identify causative organisms anc their 
susceptibilities to amikacin. Amikin may be 
considered as initial therapy in suspected 
Gram-negative infections and therapy may 
be instituted before obtaining the results of 
susceptibility testing. Clinical trials demon- 
strated that Amikin was effective in infections 
caused by gentamicin and/or tobramycin 
resistant strains of Gram-negative organisms, 
particularly Proteus rettgeri, Providencia 
stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision to continue 
therapy with the drug should be based on 
results of the susceptibility tests, t^e severity 
of the infection, the response of the patient 
and the important additional considerations 
contained in the "Warning" box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be 
considered as initial therapy under certain 
conditions in the treatment of known or 
suspected staphylococcal disease such as, 
severe infections where the causat ve organ- 
ism may be either a Gram-negative bacterium 
or a staphylococcus, infections due to 
susceptible strains of staphylococc in 
patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative 
infections. 

Amikacin may be indicated in the treatment 
of neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot 
be used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated be- 
cause of the possibility of infectiors due to 
Gram-positive organisms such as strepto- 
cocci or pneumococci. 


Contraindications: 
A history of hypersensitivity to amikacin. 


Warnings: 
See "Warning" box above. 


Precautions: 
Amikin is potentially nephrotoxic, ototoxic, 
and neurotoxic. The concurrent or serial use 


of other ototoxic or nephrotoxic agents should 
be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, 
neomycin, streptomycin, cephaloridine, 
paromomycin, viomycin, polymycin B, colistin 
and vancomycin as well as certain diuretic 
agents such as ethacrynic acid or furosemide. 


Adverse Reactions: 
Ototoxicity —See "Warning box. 
Nephrotoxicity— Albuminuria, presence of 
red and white cells, casts, azotemia and 
oliguria have been reported. 
Other— Skin rash, drug fever, neadache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual I.M. or I. V. dose with normal renal 
function is 15 mg./Kg./day divided into 2 or 
3 equal doses administered at equally- 
divided intervals. For the heavier individual 
(greater than 100 Kg.), the total daily dose 
should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns 
(see box "Warning ), it is recommended that 
a loading dose of 10 mg./Kg. be admin- 
istered initially to be followed with 7.5 mg./ 
Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 
days. The total daily dose by all routes of 
administration should not exceed 15 mg./ 
Kg./day for the average-weight person. In the 
unusual circumstances where treatment be- 
yond 10 days is considered, the use of Amikin 
should be reevaluated and, if continued, 
renal and auditory functions should be 
monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concen- 
trations should be monitored by appropriate 
assay procedures. Doses may be adjusted in 
patients with impaired renal function either 
by administering normal doses at prolonged 
intervals or by administering reduced doses 
at a fixed interval. 

The solution for intravenous use is pre- 
pared by adding the contents of a 500 mg. 
vial to 200 ml. of sterile diluent such as 
Normal Saline or 5% Dextrose in Water or 
any other compatible solution. 

The solution is administered over a 30- to 
60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use 
sterile aqueous solution: 100-mg., 500-mg., 
and 1.0-Gm. vials. 


BRISTOL LABORATORIES 
BRISTOL Division of Bristol-Myers Co. 
Syracuse, New York 13201 
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Late Results of Operation for Acute 
Aortic Dissection Producing Aortic Insufficiency 


J. Kenneth Koster, Jr., M.D., Lawrence H. Cohn, M.D., 
Roger B. B. Mee, M.D., and John J. Collins, Jr., M.D. 


ABSTRACT Since July, 1970, 8 patients with acute 
dissecting aneurysms of the ascending aorta produc- 
ing aortic insufficiency have undergone immediate 
operation employing a technique in which the origin 
of the dissection is resected, the dissected base of the 
aorta is lined with nondistensible prosthetic cloth 
for support, and the native aortic valve is resus- 
pended. Aortic continuity is then reestablished with 
end-to-end anastomosis or use of a short segment of 
woven graft (not necessarily circumferential). 

There were no operative deaths. Mean follow-up 
has been 60 months (range, 25 to 82 months). One 
late death has occurred (cerebral hemorrage at 48 
months); of the remaining 7 patients, 2 have faint 
murmurs of aortic insufficiency, but all are in New 
York Heart Association Functional Class I. 

This technique of aortic reconstruction in acute as- 
cending dissections allows preservation of the native 
aortic valve while preventing late aortic root dilata- 
tion or major valve insufficiency. 


Acute dissections of the ascending aorta with 
major aortic valve insufficiency are best treated 
by immediate operative repair. Satisfactory re- 
sults may be obtained in this situation by aortic 
resection with insertion of a graft and aortic 
valve replacement. However, in some patients a 
simpler operation with repair of the aorta and 
resuspension of the valve may be accom- 
plished. This report documents our experience 
with a relatively simple technique for recon- 
struction of the aorta and valve using interposi- 
tion of a prosthetic media to prevent late aortic 
root dilatation. 


Clinical Material 
From July, 1970, through April, 1975, prosthetic 
media reconstruction has been performed in 8 
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patients for acute ascending aortic dissections 
producing aortic insufficiency. There were 7 
men and 1 woman who ranged in age from 40 to 
57 years (mean, 50 years). During the same pe- 
riod, 3 other patients underwent operation in 
which the aortic valve was prosthetically re- 
placed rather than resuspended because of 
either marked dilatation of the aortic annulus or 
intrinsic leaflet deformity. 

Six patients had initial complaints of either 
chest or back pain. Of the remaining 2, 1 com- 
plained of a cold, pulseless upper extremity and 
the other had dense hemiparesis. Only 1 pa- 
tient had typical signs of Marfan's syndrome. 
However, some form of medial degeneration 
was present in 5 of the 6 patients in whom a 
full-thickness portion of the aortic wall was re- 
sected to allow microscopic examination. Three 
patients had a history of hypertension. 

Of the 7 patients undergoing preoperative 
aortography, 6 demonstrated moderate to 
marked aortic insufficiency. In the instance in 
which the aortogram showed no valvular in- 
competence, both the right and the noncoro-. 
nary cusp were found at operation to be se- 
verely prolapsed because of intimal dehiscence. 
In 1 case, aortography was not performed. This 
patient had a loud murmur of aortic insuffi- 
ciency and was taken directly to operation be- 
cause of severe hypotension that developed 
after echocardiographic demonstration of a 
double ascending aortic wall. 

At operation in each instance, there was an 
identifiable intimal tear within the ascending 
aorta with dissection and prolapse of one or 
more aortic valve leaflets. The dissecting 
hematoma extended beyond the ascending 
aorta in 6 cases (DeBakey type I) and was con- 
fined to the ascending aorta in 2 instances (De- 
Bakey type II). 


Operative Technique 
Median sternotomy is employed. Cardiopul- 
monary bypass is instituted with femoral artery 
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Fig 1. Dissected aorta showing bulging adventitia and 
normal-caliber intima. (RCA = right coronary artery.) 


perfusion and venous drainage through a single 
right atrial cannula. In the course of systemic 
cooling to 28°C, the heart is electrically fibril- 
lated and the left ventricle apically vented. The 
aorta is cross-clamped immediately proximal to 
the origin of the innominate artery. Myocardial 
protection during the ischemic period is pro- 
vided by a continuous infusion of iced Ringer's 
solution into the pericardium and intermittent 
endocardial lavage. 

The bulging adventitia is incised transversely 
approximately 3 cm superior to the origin of the 
right coronary artery. After the adventitia has 
been opened, it will usually be observed that 
the dissection has separated the intima from the 
distended adventitia anteriorly and that the 
tubular intima is of relatively normal caliber 
(Fig 1). 

The intima is incised and resected only to the 
extent required to include the origin of the 
dissection, if possible, and the adventitia is 
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Fig 2. Lining the proximal and distal dissection with the 
prosthetic media. (RCA = right coronary artery.) 


trimmed so that the edges of the two layers 
match for oversewing. Since the dissection 
usually proceeds along the greater curvature, 
some portion of the posterior wall is often intact 
and need not be resected. 

The aortic valve is inspected. If the incompe- 
tence appears to be the result of commissural 
detachment and the valve leaflets are not intrin- 
sically deformed and can be made to coapt 
normally valve resuspension is undertaken 
after the aortic root has been reconstructed with 
prosthetic media. This is accomplished by lin- 
ing the space between the intima and adven- 
titia with a tailored sheet of Teflon felt so that 
the cloth extends into the most proximal 
reaches of the dissection (Fig 2). If necessary, 
the Teflon: cloth is cut in a bat-wing configura- 
tion to allow it to extend around and deep to the 
right coronary artery so as to line the aortic 
sinus. The cloth is then trimmed to conform 
with the cut intimal and adventitial edges, and 
the three -ayers are oversewn together (Fig 3). 

The aortic valve is then resuspended with 
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Fig 3. Oversewing of the adventitia-media-intima and 
resuspension of the aortic valve. 


felt-buttressed sutures placed at the commis- 
sures. These sutures are brought out through all 
layers of the reconstructed aortic wall and tied 
over a second felt pledget. 

A second piece of Teflon cloth is used to line 
the distal dissection, no farther than the cross- 
clamp if the dissection extends into the distal 
aorta. The cut edge of the intima-cloth-adven- 
titia is then oversewn as was done for the proxi- 
mal edge. 

If the proximal and distal edges of oversewn 
aorta can be brought together easily, direct su- 
ture anastomosis is accomplished (Fig 4A, B). If 
tension would result from direct anastomosis, a 
wedge-shaped woven graft may be interposed 
as an anterolateral gusset (Fig 4C). In the few 
instances in which resection of the posterior 
wall of the aorta is required, a woven tube graft 
is inserted with circumferential anastomoses 
(Fig 5). 
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Fig 4. Restoration of aortic continuity with either pri- 
mary anastomosis (B) or an anterior woven gusset (C). 
(RCA = right coronary artery.) 
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Fig 5. Restoration of aortic continuity with interposition 
of a tubular woven graft. 
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Results 

In all patients, the aortic base was reconstructed 
and the aortic valve resuspended using the 
technique described. Aortic continuity was 
reestablished with the interposition of a woven 
tubular graft in 2 patients. An anterior noncir- 
cumferential woven graft gusset was used in 3. 
In the 3 remaining patients, primary anas- 
tomosis of the reconstructed aortic wall without 
grafting was utilized. Mean aortic cross-clamp 
time was 70 minutes (range, 42 to 89 minutes). 

Two patients underwent reoperation for con- 
tinued postoperative bleeding. In 1, no specific 
source was found, while in the other, one su- 
ture was required for a small bleeding point on 
the right ventricular wall. Postoperatively, 2 pa- 
tients developed atrial fibrillation that necessi- 
tated additional digitalis, and 1 developed atrial 
flutter for which electrical cardioversion was 
required. The mean postoperative hospital 
stay, excluding that of the patient who sus- 
tained a preoperative stroke and required ex- 
tended physical therapy, was 15 days (range, 10 
to 26). There were no operative deaths. 

Mean follow-up has been 60 months (range, 
25 to 82 months). There has been 1 late death, at 
48 months, from a cerebral hemorrhage that 
was confirmed postmortem. In this case, post- 
mortem examination of the reconstructed aorta 
showed no dilatation of the aortic root, and the 
aortic valve.was competent. 

Three patients have undergone repeat aortog- 
raphy, which has shown no aortic root dilata- 
tion or valve insufficiency. One has a large, 
asymptomatic dissection of the transverse and 
descending aorta. 

All 7 patients who are alive are in New York 
Heart Association Functional Class I. Two have 
faint murmurs of aortic insufficiency, but all 
have normal-sized hearts, and no patient has 
developed signs of aortic root dilatation or pro- 
gressive aortic insufficiency. 


Comment 
The therapy for acute ascending aortic dis- 
sections producing aortic insufficiency has 
evolved so that there is now little argument that 
immediate surgical treatment provides the most 
satisfactory results [1, 4]. 

Operation in this setting is directed at oblit- 


eration of the origin of the false lumen, restora- 
tion of aortic continuity, and reinstitution of 
valve competence. Various surgical techniques 
have been employed to achieve these goals, 
with a zurrent trend favoring graft replacement 
of the ascending aorta over reconstructive ap- 
proaches [3, 5]. The reconstruction technique 
we hav2 utilized has proved satisfactory in late 
follow-up and offers several technical advan- 
tages [2]. 

First, it is simple to perform and the opera- 
tive tim2 is brief. The entire repair was accom- 
plished in the patients reported here with a 
mean aortic clamping time of 70 minutes. Sec- 
ond, limiting resection of the aortic wall to the 
region cf the intimal tear usually allows aortic 
continuity to be restored without the interposi- 
tion of a tubular graft. This avoids circumferen- 
tial anastomoses and potentially troublesome 
postericr suture line bleeding. 

Furthermore, lining the proximal depths of 
the dissected aortic root with a tailored sheet of 
Teflon felt provides a nondistensible buttress 
against late dilatation of the proximal aorta and 
annular zegion, while still allowing preserva- 
tion of the native aortic valve. When graft re- 
placement of the aorta is employed, the supra- 
coronary anastomosis leaves the area imme- 
diately above the valve unsupported, with the 
potential for late dilatation [6]. Provision of 
support ¿> this area with a graft requires prox- 
imal anckoring of a composite graft and valve 
prosthesis to the aortic "annulus," which in- 
volves sacrifice of the native valve and re- 
implantation of the coronary artery into the 
graft. 

Finally, this reconstructive approach makes 
consistent preservation of the native aortic 
valve possible even when the dissection has ex- 
tended in-o the sinuses of Valsalva, producing 
extensive commissural detachment and severe 
leaflet prolapse. An otherwise normal aortic 
valve is to» good to waste, especially when one 
considers the spectrum of potential problems 
encountered with most prosthetic valves in 
terms of wear, thromboembolism, and long- 
term anticoagulation. In a majority of acute dis- 
sections, aortic annular ectasia is minimal when 
the valve leaflets are normal, which makes re- 
suspension simple and practical. The absence 
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of major insufficiency on late follow-up in this 
series suggests that such repairs are also dura- 
ble. 

Reconstruction of the aortic root with aortic 
valve resuspension has been feasible in a 
majority (8 of 11) of the acute ascending aortic 
dissections with associated aortic valve insuf- 
ficiency treated during the period included in 
this report. The operation has been quite satis- 
factory in terms of technical simplicity, low 
early morbidity, lack of operative mortality, 
and absence of late deterioration. 
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Discussion 
DR. MYRON W. WHEAT (St. Petersburg, FL): The au- 
thors are to be complimented for providing a new 
and imaginative approach to a verv difficult and ex- 
tremely lethal problem: the patient with acute aortic 
dissection with aortic valve insufficiency. There cer- 
tainly should be no question that the proper treat- 
ment for this lesion is surgical repair. As is apparent 
in their patients, the lesion tends te occur in younger 
persons in the spectrum of acute dissecting aneu- 
rysms, the mean age in this group being 50 years. 
The approach described is simple and direct—so 
simple that it amazes me none of us has used it be- 
fore. The basic problem is the weakened and dis- 
sected media. What the authors have done is to rein- 
force or replace that media with a felt one, and the 
results from two to almost seven years after repair are 
good. There were no operative deaths, and only 2 
patients had to be reoperated upon for bleeding. 
This approach (1) preserves the usually normal aor- 
tic valve, which is particularly important in the 
younger patient; (2) preserves the normal intimal lin- 


ing in most patients and decreases the size of the 
graft replacement in the others; and (3), perhaps 
most important, by virtue of the felt media, appears 
to prevent the late development of an aneurysm of 
the aortic root, with its more difficult surgical prob- 
lems. 

I hope the authors will keep us informed about 
further follow-up on these patients and that other 
cardiac surgeons will utilize this approach. If, in- 
deed, this repair holds up and further deterioration 
of the aortic root, aortic valve, and descending aorta 
is prevented or even greatly delayed, this operation 
will have been a truly major contribution. I believe it 
is. 

Finally, I would like to remind you that medial 
degeneration is a systemic problem. These patients 
still need to have their blood pressure and cardiac 
impulse controlled with drugs throughout their life 
span. In 1 of the cases reported in this series, even 
though the aortic root was repaired, the patient has 
current dissections of the transverse and descending 
thoracic aorta. 


DR. SARIEL G. ABLAZA (Philadelphia, PA): I enjoyed 
Dr. Koster's presentation very much and agree with 
him that restoring aortic valve competence with the 
use of a nondistensible and nonyielding prosthetic 
material is an excellent technique. His results have 
proved this. 

I wish to describe what I believe is a much simpler 
and safer operation. At the Medical College of 
Pennsylvania Hospital in Philadelphia, we use a 
ringed intraluminal shunt in the repair of dissecting 
aneurysms of the descending and ascending thoracic 
aorta. We have devised an improvisational model 
consisting of a woven tubular Dacron graft that is 
inserted through the ring, folded over, and sutured 
back on the graft. A model has also been made for us 
by a commercial firm for investigational use. 

The technique consists of doing a very limited dis- 
section in the area where the ligatures are passed 
proximal and distal to the aneurysm. Under total car- 
diopulmonary bypass, the aorta is cross-clamped 
proximal to the innominate artery and the whole 
prosthesis is inserted. It is anchored at both ends 
with mattress sutures buttressed outside the aortic 
wall with Dacron felt, after which the aorta is cir- 
cumferentially ligated against the grooves of the ring. 
Then the aortotomy is tightly closed. 

We have performed this operation in a 69-year-old 
normotensive man with acute dissection of the as- 
cending aorta and associated aortic regurgitation. At 
operation we found a transverse intimal tear, cir- 
cumferential dissection of the ascending aorta, and a 
flail aortic valve. The graft was inserted and ligated, 
and the aorta was ligated against the groove of the 
rings proximal and distal to the dissection. The aor- 
totomy was then tightly closed. One year later the 
rings were in place and the valve was competent. 
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You are probably wondering—as we did before we 
embarked on this operation—what happens to the 
aorta in the area of the circumferential ligature, the 
idea being that there might be pressure necrosis. We 
used this technique in 1976 in a patient with a 
chronic arteriosclerotic aneurysm of the descending 
aorta extending from just beyond the left subclavian 
artery down to the diaphragm. There has been no 
necrosis at the ligature lines. 

The secret of the technique is that the surgical dis- 
section is very limited. You don’t do anything with 
the intercostal arteries, the mediastinal pleura, or the 
adventitia. All you do is pass the ligatures around the 
normal aorta proximal and distal to the aneurysm, 
cross-clamp the aorta, do a longitudinal aortotomy, 
and insert the intraluminal shunt and ligate it. 


DR. HASSAN NAJAFI (Chicago, IL): Six years ago I had 
the privilege of presenting before this society a 
nearly identical series of patients who were operated 
on for acute aortic insufficiency secondary to aortic 
dissection, with the principal objective of emphasiz- 
ing that aortic valve replacement is not necessary 
under these circumstances. The excellent results re- 
ported by the authors and the sad truth that there are 
still many who excise these normal valves and re- 
place them with prostheses stimulated me to take a 
second look at our experience and share it with you 
this morning. 

During the past ten years, we have actively par- 
ticipated in the care of 16 patients with acute aortic 
dissection causing aortic incompetence. Incidentally, 
I wish to ask the authors whether they had other 
patients with aortic insufficiency secondary to aortic 
dissection during the same period who were not op- 
erated on. I ask this because occasionally, refraining 
from operating may actually constitute a partial sur- 
gical failure or a partial surgical success, depending 
on the patient's course. This was illustrated to us by 
the fact that of these 16 patients, 2 died before opera- 
tion, 1 during radiological studies and the second 
before a repeat aortogram could be obtained after the 
first study failed to show the origin of the dissection; 
this second patient died of pericardial tamponade 
after his aorta ruptured. Two further patients had 
massive neurological deficit, hemiplegia or paraple- 
gia, and were not operated on. 

Therefore we ended up operating upon 12 pa- 
tients. In 2 of these, the dissection began posteriorly 
immediately distal to the subclavian artery and came 
around the arch; it resulted in aortic incompetence. 
This unfortunate situation was discovered at opera- 
tion, and in neither of these patients were we suc- 
cessful. Of the 10 patients who actually had anterior 
dissection and were operated on, there are 9 long- 
term survivors. Four of these patients had primary 
repair; the valve was not replaced, nor was any kind 
of prosthetic material used to reconstruct the dis- 


sected ascending aorta. In 5 patients a tube graft was 
used to restore continuity of the ascending aorta. 


DR. DENTON A. COOLEY (Houston, TX): Since the early 
days o: open-heart surgery, acute dissecting aneu- 
rysm of the ascending aorta has been a technical chal- 
lenge tz surgeons. Indeed, a decade ago some sur- 
geons became so discouraged by their poor results 
that they recommended the lesion be treated medi- 
cally. We have consistently shared the opinion of the 
authors that this lesion basically is a surgical prob- 
lem. 

The experience at the Texas Heart Institute with 
surgical treatment of acute and chronic aneurysms of 
the asceading aorta caused by cystic medial necrosis 
includes 263 cases with an overall surgical mortality 
of 1796. 

Acute dissection was present in 54 patients whose 
ages ranzed between 21 and 74 years. Operative mor- 
tality ir. this group was 1896. In only 3 patients was 
end-to-end anastomosis performed, and the remain- ` 
der received a Dacron tube graft (48 patients) or patch 
graft (3 patients). The aortic valve was replaced in 19 
patients, resuspended in 9, and left intact in 24. At- 
tempts to resuspend the valve leaflets have not been 
uniform-y successful, although we have not used the 
exact technique described by the authors. Some of 
our patients have undergone subsequent replace- 
ment or the aortic valve, and a few were handi- 
capped by aortic regurgitation. 

I belizve repair of the aortic annulus should be 
used only in selected instances in which dissection of 
the commissural attachment is minimal and no dila- 
tation ci the annulus is present. Aortic valve re- 
placement with excision of the ascending aorta and 
graft rep acement is our procedure of choice in most 
patients with this lesion. 

I wouid like to know from the authors if these were 
consecui ve patients seen with an acute aneurysm 
complicated by aortic regurgitation or if they were 
selected patients in their series. According to the au- 
thors, none of the patients had major aortic regurgi- 
tation after operation. I would like to hear their defi- 
nition o: this term. 


DR. COLLINS: I thank the discussants for an excellent 
discussion and for their very kind remarks. 

This operation, although we call it new, was actu- 
ally envisioned by Dr. Aldo Castaneda several years 
before we used it for the first time. Dr. Castaneda, to 
my knowledge, was the first person to suggest plac- 
ing cloth in the area formerly occupied by the media 
of the acrta. However, he also suggested that the 
aortic valve be replaced. We are the first, I think, to 
combine prosthetic media replacement with resus- 
pension of the valve, using the prosthetic media to 
bolster the aortic root against dilatation. 

We agree with Dr. Wheat that control of blood 
pressure and reduction of systolic stress on the aortic 
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wall are important in the continuing management of 
these patients. 

Relative to Dr. Ablaza’s interesting description of 
his operative technique, I would point out that in my 
opinion, such an operation is overdue. I think his 
operation will work. I am somewhat surprised that 
he has not made use of the Hufnagel multiple-point 
fixation ring rather than a simple suture for graft fixa- 
tion. Dr. Ablaza is to be congratulated for actually 
doing an operation which others perhaps have sim- 
ply envisioned. 

Dr. Najafi's series is one that is familiar to me, and 
his results are excellent. In answer to his question 
whether some of our patients died prior to operation, 
the answer is yes. I can recall only 2 patients in whom 


no attempt was made to operate, but we have had 
several who were probably not capable of recovery 
because of profound shock before operation. 

In answer to Dr. Cooley's question, this is not a 
consecutive series. There were 3 patients with acute 
dissection in a normal-sized aortic root in whom we 
replaced the valve because we were unable to 
achieve satisfactory repair. In most cases, when the 
aortic root is not chronically dilated, this operation 
can be utilized. If the aortic root is dilated, the valve 
should be replaced and a cloth graft reconstruction 
used. The patients with mild aortic insufficiency 
have a soft murmur but no cardiac enlargement, 
widened pulse pressure, or other sign of hemo- 
dynamic compromise. 


Natural History of 


Arteriosclerotic Thoracic Aortic Aneurysms 


J. Judson McNamara, M.D., and Virginia M. Press er, M.B.A. 


ABSTRACT Out of 28 patients with arteriosclerotic 
aortic aneurysm seen between 1965 and 1975, 22 were 
not surgically repaired. Of these 22 patients, 9 sub- 
sequently died of rupture and 7 of unrelated car- 
diovascular disease, and 6 are living at the time of 
this study. Mean survival for the group is less than 3 
years. All but 1 rupture occurred in aneurysms larger 
than 10 cm, and recent increase in size preceded 
rupture in all patients for whom serial roentgeno- 
grams were available. 

This study documents the high risk of rupture of 
arteriosclerotic aortic aneurysms of the descending 
thoracic aorta and suggests a more uniform use of 
surgical management depending on the patient's age 
and underlying state of health. 


Numerous studies document the risk of rupture 
of abdominal aortic aneurysms of varying sizes, 
but similar information on aneurysms of the 
thoracic aorta is scarce [1, 10, 17, 19]. Most fre- 
quent reference to studies on the natural history 
of thoracic aortic aneurysm includes studies by 
Boyd [3], Colt [5], Kampmeier [15], and Cranley 
and associates [6]. All of these earlier studies 
had a large percentage of syphilitic aortic aneu- 
rysms with minimal or no specific information 
on aneurysms of arteriosclerotic origin. 

In 1964, Joyce and co-workers [14] published 
a careful follow-up study of 107 patients with 
nondissecting thoracic aortic aneurysm not 
treated clinically. Seventy-three percent of the 
aneurysms were judged to be probably of ar- 
teriosclerotic origin, and the death rate for the 
entire group of patients was significantly 
higher than that for the general population. 

The descending aorta, from the left subcla- 
vian artery to the diaphragm, is the most fre- 
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quent site of thoracic aortic aneurysm [2, 4, 14; 
20]. At the present time, most aneurysms at this 
site either have an arteriosclerotic origin or occur 
following aortic dissection; a few have trauma- 
tic, cor;zenital, or mycotic origin. Dissecting an- 
eurysms are a distinct entity from the standpoint 
of causetive factors, morphology, clinical signs 
and syraptoms, and prognosis. Many reports 
have failed to account for this distinction. The 
present study was undertaken to define spe- 
cifically the natural history of the descending 
thoracic aneurysm of arteriosclerotic origin. 


Material and Method 

Patient material was obtained from a review 
of the medical records from 1965 to 1975 at 
Queen's Medical Center. Twenty-eight patients 
had arte-iosclerotic aneurysms of the descend- 
ing aorta, only 6 of whom had undergone surgi- 
cal reseczion (all in the last 3 or 4 years). The 
remaining 22 patients form the basis for the 
present study. The lack of enthusiasm for surgi- 
cal therapy of this disease in this community, 
until recent years, makes this a nearly unse- 
lected group of patients in whom to evaluate 
the natural history of the disease. Mean age was 
70.1 years (range, 52 to 88 years). There were 14 
men and $8 women. 

There zre several problems inherent in the 
diagnosis of nondissecting thoracic aneurysm 
of the descending aorta. First, the distinction 
between dissecting and arteriosclerotic aneu- 
rysms is -requently not readily apparent even 
with angiographic study of the aorta. Postmor- 
tem information is more definitive, but it is 
clear that a precise determination as to whether 
a massively dilated aorta is caused by dilata- 
tion of an old dissection or by aneurysmal 
arteriosclerotic disease is difficult at times. Fur- 
thermore, in several reported instances, aneu- 
rysms were labeled dissecting as a result of 
angiographic findings or at postmortem exa- 
mination cn the basis of an isolated fresh local 
dissection in the wall of an old arteriosclerotic 
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aneurysm. This confusion in nomenclature has 
been and remains a major source of inaccuracy 
in retrospective reviews of thoracic aortic aneu- 
rysms. In the present study, great care was 
taken to exclude instances of descending tho- 
racic aneurysm in which primary dissection 
may have been the causative agent. The diag- 
nosis was made on plain chest roentgenogram 
only if the aneurysm was clearly localized to a 
single sector of the descending aorta on serial 
chest roentgenograms or if it was ultimately vi- 
sualized by angiography or at postmortem ex- 
amination. 

À second problem is identification of the site 
of the aneurysm as arising from the descending 
aorta. Since most descending aortic aneurysms 
originate just distal to the left subclavian artery, 
aortic enlargement tends to push the arch to the 
right, giving the appearance on chest roent- 
genogram of an aneurysm involving the aortic 
arch. Half cf the patients in the present study 
had a diagnosis of aneurysm of the aortic arch 
before angiography or postmortem examina- 
tion identified the origin to be distal to the left 
subclavian artery. Ultrasound has been of some 
help in recent years in making this distinction, 
but it was not utilized in any patient in the 
present series. 

For all patients a flow sheet was completed 
recording data on signs and symptoms refer- 
able to the aneurysm, other cardiovascular dis- 
‘ease, aneurysm size with particular reference to 
change in size, location, configuration, and du- 
ration of time from first diagnosis of aneurysm 
to the time of study or time of death. Follow-up 
to the time of writing was obtained on all 22 
patients. 


Results 
The only symptom occurring with any fre- 
quency was back or chest pain. This was noted 
in 11 patients, 7 of whom were experiencing 
rupture of the aneurysm but who had been 
asymptomatic previously. Tracheal deviation 
was noted in 6 patients, 5 with recent aneurysm 
rupture. One patient with a massive aneurysm 
exhibited tracheal compression and obstruc- 
tion, and 2 additional patients had mild com- 
pression and hoarseness. 

Nineteen patients showed other major evi- 


survival 





yr. 


Survival after diagnosis. 


dence of cardiovascular disease, including 
additional aortic aneurysms in 9 patients, ab- 
dominal aortic aneurysms in 7, and isolated as- 
cending aneurysms in 2. Cerebrovascular and 
coronary diseases were also common. Eighteen 
patients had long-standing hypertension re- 
quiring treatment. Four patients had advanced 
emphysema, but only 1 was diabetic. 

The aneurysm was located in the proximal 
descending aorta in 13 patients and in the 
midthoracic and distal aorta in 2. In 7 patients 
the entire aorta was diffusely ectatic from the 
subclavian artery to the diaphragm. Eight of the 
aneurysms were saccular, 7 were fusiform, and 
7 were diffusely ectatic. At the most recent ex- 
amination, 15 aneurysms were more than 10 cm 
in transverse diameter, 6 were 5 to 10 cm, and 1 
was less than 5 cm. 

Survival ranged from three months to more 
than 10 years (1 patient who is still living). 
Mean survival was 2.4 years, and survival at 5 
years was less than 2096 (Figure). Sixteen pa- 
tients were dead at the time of study, 7 of unre- 
lated cardiovascular disease and 9 of aneurysm 
rupture. Of the 6 patients who are living, 2 
have coronary heart disease and 4 are general- 
ly asymptomatic. Although serial roentgeno- 
grams were not made for all patients, 7 of 9 
patients with aneurysm rupture were shown to 
have an increase in size of 2 cm or more in the 
year prior to rupture. Four of the remaining pa- 
tients had a demonstrated increase in aneurysm 
size: 2 are living and 2 died of other causes. 
Eight of 9 patients with rupture had an aneu- 
rysm that was larger than 10 cm. All patients 
who were followed for more than 5 years 
showed aneurysm enlargement. 
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Comment 

The nature of aneurysmal disease of the tho- 
racic aorta has changed dramatically since 
1938 when Kampmeier [15] published his clas- 
sic paper describing 633 patients with sac- 
cular thoracic aortic aneurysm. These patients 
were culled from a larger group of 1,038 patients 
with a diagnosis of thoracic aortic aneurysm 
seen at Charity Hospital from 1905 to 1935. 
During that same period only 95 cases of ab- 
dominal aortic aneurysm were recorded. More 
than 80% of the aneurysms were shown to be of 
syphilitic origin, and it was stated in a discus- 
sion of etiology that “arteriosclerosis is occa- 
sionally thought of as a cause of aneurysm.” 

Since the advent of effective antibiotic treat- 
ment of syphilis, the incidence of syphilitic 
aneurysm has decreased notably. Joyce and 
co-workers [14] in 1964 found that 73% of all 
nondissecting aortic aneurysms were of ar- 
teriosclerotic origin, the incidence of syphilitic 
aneurysm having dropped to 20%. In a review 
of thoracic aortic aneurysms in 1975, DeBakey 
and Noon [9] wrote that “atherosclerosis is the 
most common cause and that syphilis is now a 
comparatively rare cause." We have seen only 1 
patient in the last 10 years with syphilitic aneu- 
rysm and that was in the transverse arch of 
the aorta. 

Although the present study is composed of 
only 22 patients, it is a relatively unique study 
population for several reasons. (1) It was possi- 
ble in each instance to be reasonably certain of 
the arteriosclerotic origin of the aneurysm. (2) 
Of 28 patients with arteriosclerotic descending 
aortic aneurysm seen during this 10-year pe- 
riod, only 6 were operated on, making the in- 
fluence of surgical selection relatively incon- 
sequential. (3) Follow-up was possible on all 
patients. 

Differentiation of arteriosclerotic aneurysm 
from dissecting aneurysm is not always possi- 
ble because patients with chronic aortic dissec- 
tion can undergo aneurysmal aortic dilatation 
[9, 13]. This is particularly true in the descend- 
ing aorta, the most frequent site of both 
arteriosclerotic and dissecting aneurysms [3]. 
Similarly, dissection into the wall or the lamel- 
lated clot of an arteriosclerotic aneurysm may 


occur although it is always localized to the area 
of areurysm [12]. Lateral and oblique chest 
roentzenograms are essential in the initial 
evaluation to distinguish aneurysmal dilatation 
of the aorta from marked tortuosity, which can 
mimic aneurysm on posteroanterior chest 
roentgenograms [2, 4]. A decision on the cause 
of a given aneurysm cannot always be made, 
and aneurysms of equivocal cause were ex- 
cluded from this study. Use of lateral chest 
roentgenograms, serial chest roentgenograms, 
aortograms, and postmortem information will 
usually make the distinction possible with rea- 
sonable certainty. Six patients with traumatic 
aneurysm and 2 with congenital aneurysm in 
the descending aorta were excluded from this 
study. 

Pain was a uniform finding in patients with 
aneurysm rupture in the present series, but 
it occurred in only 3 patients before the epi- 
sode af rupture. Additional symptoms—com- 
pressicn, hoarseness, airway obstruction, and 
dysphzgia—were seen in only 3 patients in the 
presen: series, indicating the low incidence of 
these complications with aneurysm arising 
distal t> the left subclavian artery. 

The high incidence of other cardiovascular 
disease is of particular interest. Hypertension, 
coronary heart disease, cerebrovascular dis- 
ease, and aneurysm of the abdominal aorta 
have been noted to occur with increased fre- 
quency in patients with thoracic aortic aneu- 
rysm but not with as high an incidence as in the 
presen: study [4, 7, 8, 11, 14, 16]. This is proba- 
bly exp.ained in part by the fact that the inci- 
dence in the present series is a percentage of a 
highly selected group of patients, i.e., those 
with areurysm only of the descending aorta 
and only of arteriosclerotic origin. Additional 
cardiovescular disease would be anticipated 
with greater frequency in such a disease- 
selectea patient population. 

The predilection for aneurysm formation just 
distal tc the left subclavian artery has been 
noted previously [2, 7, 8, 14]. Diffuse ectasia 
found i- 7 of 22 patients in the present series 
has been described only briefly as a distinct 
entity in a few other reports [8, 18]. This par- 
ticularly vivid manifestation of aneurysmal vas- 
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cular disease coupled with the high incidence 
of hypertension and associated abdominal an- 
eurysm in the group as a whole invites specu- 
lation that these associations may provide a 
clue to a unique pathogenesis of aneurysmal 
arteriosclerotic vascular disease, in contrast to 
obliterative arteriosclerotic disease. The under- 
standing of these relationships, however, re- 
mains obscure [17]. 

À principal aim of the study was to determine 
the risk of rupture of an arteriosclerotic de- 
scending aortic aneurysm. Of 16 patients who 
died, 9 (5696) died of rupture. Three of these 
had diffuse aortic dilatation. The other 7 deaths 
were all related to cardiovascular disease and 
usually occurred within 1 or 2 years of diag- 
nosis (mean interval, 1.2 years). Patients dying 
of aneurysm rupture survived longer after 
diagnosis (mean interval, 2.4 years). The 6 pa- 
tients still alive have survived for a mean inter- 
val of 5 years. Mean survival for the group as a 
whole is slightly less than 3 years, with a 5-year 
survival of approximately 1596. It is evident 
that the maiority of patients die within 3 years 
of diagnosis and that the most frequent cause of 
death is aneurysm rupture. The high frequency 
of associated cardiovascular disease, especially 
in the relatively elderly population under con- 
sideration, dictates the necessity for careful 
evaluation and planning in considering aneu- 
rysm resection. Obvious factors influencing a 
decision for resection include the absence of 
other severe cardiovascular disease, an aneu- 
rysm larger than 10 cm in diameter, or an aneu- 
rysm that has enlarged within a year [11, 14]. 
Evidence of aneurysm enlargement was pres- 
ent in most patients with rupture for whom 
serial roentgenograms were available but was 
an infrequent finding in patients without rup- 
ture [4, 14]. 

The present study is not intended to com- 
ment on the advisability of operation for patients 
with a descending thoracic aortic aneurysm but 
rather to provide a data base from a group of 
patients not operated on to use in estimating 
the risks and benefits of a surgical procedure. It 
is clear, however, that rupture occurs with 
about the same frequency with descending 
thoracic aortic aneurysms as with abdominal 


aneurysms [10, 13]. Furthermore, rupture ofa 
thoracic aneurysm, uncontained by retroperi- 
toneal tissue is an almost uniformly, rapidly 
fatal condition [9, 21]. Finally, improved results 
of surgical resection, now ranging from 5 to 10% 
for arteriosclerotic aneurysms of the descending 
aorta [7], favor a more uniform use of surgical 
management of patients with this disease. 
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Discussion 

DR. FREDERICK BLACKMON PARKER JR. (Syracuse, NY): 
This interesting and informative paper is notable for 
the simple reason that natural history studies of 
thoracic arteriosclerotic aneurysm have not been 
performed previously. There are many reasons for 
this, but probably the most important is the scarcity 
of this lesion compared with the much more common 
counterpart—the abdominal arteriosclerotic aneu- 
rysm. At our own hospital, for example, ruptured 
abdominal aneurysms outnumber ruptured arte- 
riosclerotic thoracic aneurysms by at least 6 to 1. 
Natural history studies provide extremely important 
data for a surgeon considering the risk of rupture 
compared with surgical risk in patients who repre- 
sent borderline surgical candidates with. advanced 
age, with severe obstructive lung disease, and with 
other major complications of the arteriosclerotic pro- 
cess. — 

Szilagyi as well as others have worked out the risk 
of rupture in abdominal aneurysm by comparing the 
size of the aneurysm with the probability of future 
rupture. Statistics like these help the surgeon make 
the best possible decision for each patient. When 
confronted with a thoracic arteriosclerotic aneurysm, 
] use Szilagyi's statistics but have never been quite 
sure whether they apply to the chest as to the abdo- 
men. In an attempt to compare these statistics with 
thoracic aneurysms, we have recently completed a 
10-year review of known thoracic arteriosclerotic an- 
eurysms in Syracuse hospitals. 

Our series included 42 patients, 24 men and 18 
women. The mean age was 73 years, much like that 
of Dr. McNamara's patients.. Fight underwent oper- 
ation within.the last 4 years: Fourteen of the 42 pa- 
tients, 3 women and 11 men, were seen with rup- 
tured arteriosclerotic aneurysms.; The. mean age of 
these 14 patients was also 73 years. The mean size of 

à 


the ruptured aneurysms was 8.5 cm (range, 4 to 12.5 
cm). Five were fusiform and 9, saccular. Three pa- 
tients were operated on and 2 survived. 

We compared the size of ruptured abdominal an- 
eurysms from Szilagyi's series with our own series. 
In Szilagyi's series, 16 out of 77 (20.896) were less 
than 6 cm in size. Sixty-one (79.296) were greater 
than 6 cm. In our own series, 2 out of 14 (14.396) were 
less than 6 cm, and 12 (85.796) were greater than 6 
cm. j 

Our series though small appears to point out the 
much greater incidence of rupture in the larger aneu- 
rysm. Although the incidence of rupture in our series 
is less than that in Dr. McNamara’s series, this could 
be explained by the advanced age of our patients and 
the fact that the majority of our patients were 
asymptomatic. 

Each patient under consideration for elective aneu- 
rysm resection must be carefully individualized as to 
size of aneurysm, evidence of expansion, age, and 
associated medical risks. We agree with the authors 
that operation should be considered for most pa- 
tients with thoracic arteriosclerotic aneurysms. How- 
ever, in high-risk patients with small aneurysms, 
nonoperative intervention with aggressive anti- 
hypertensive therapy and beta-blocking agents 
should be seriously entertained. 


DR. FRANCIS ROBICSEK (Charlotte, NC): It seems 
clear from this beautiful presentation that if a surgi- 
cal procedure can be done for a patient with ar- 
teriosclerotic thoracic aortic aneurysm at a lower 
risk, it would be preferable. We think that the only 
purpose of operating on an aneurysm is to prevent 
rupture. not necessarily to remove the aneurysm. We 
resect most, though not all, thoracic aneurysms we 
see. Also, we see no reason to resect the entire aorta 
in an elderly person, a high-risk patient, simply to 
remove an aneurysm of moderate size. A method we 
use in a2out one-third of our patients is called exter- 
nal grafting. An added advantage of the procedure is 
that it is not always necessary to ligate the arteries. If 
one looks especially large or nasty, it could be 
brought out on a slit of the graft. 

We have used this technique on more than 100 
patients with either abdominal or thoracic aneu- 
rysms. About a fourth of them were thoracic aneu- 
rysms. The observation period extends from three 
months to more than 12 years. We have observed no 
late ruptures. Mortality was very low. 

I think that most aneurysms should be resected, 
but if the location and the site of the aneurysm allow 
and if the poor general condition of the patient . 
makes it advisable, external grafting is certainly 
an acceptable alternative. 


DR. MCNAMARA: I thank both discussants. I certainly 
agree with Dr. Parker's data relating size to risk of 
rupture. Our data indicated rupture in aneurysms 
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somewhat larger than those he reports. The aorta 
normally is 1 to 2 cm larger just distal to the subcla- 
vian artery compared with the abdominal aorta. 
Though neither series is large enough to establish a 
numerical relationship between a given size and a 
given risk of rupture, it seems clear that an absolute 
number on size would be greater than 5 or 6 cm. We 
had no ruptured aneurysms smaller than 5 cm. 


I thank Dr. Robicsek for bringing up his technique 
for wrapping. As a matter of fact, we have used it 
twice in the last year, and I think it is the only solu- 
tion for the group of patients I mentioned who had 
diffuse aortic ectasia. Obviously, the entire thoracic 
aorta cannot be resected without a significant risk of 
paraplegia, and I think that this is a quite decent 
solution to that problem. _ 


Early and Late Results 


with the Mustard Operation in Infancy 


Louis P. Egloff, M.D., Michael D. Freed, M.D., MzcDonald Dick, M.D., 
William I. Norwood, M.D., and Aldo R. Castanedz, M.D. 


ABSTRACT  Eighty-one patients, ranging in age 
from 36 hours to 24 months and in weight from 2.5 to 
12 kg had a Mustard operation for p-transposition of 
the great arteries (p- TGA) (20 with complex p-TGA) 
using either deep hypothermic cixculatory arrest (68 
patients) or conventional cardiopulmonary bypass 
(13 patients). A Dacron patch was used for the in- 
traatrial baffle and pericardium for augmentation of 
the pulmonary atrium. Ten patients died following 
operation. 

Thirty-two patients had cardiac catheterization 1 
year after operation. Of 24 patients with p- TGA and 
intact ventricular septum, 23 had normal pulmonary 
artery pressures. In 20 patients left ventricular out- 
flow tract gradients decreased from a mean of 32 mm 
Hg to a mean of 18 mm Hg after operation. Five 
patients who had p-TGA and ventricular septal de- 
fect and systemic pressures in the left ventricle be- 
fore operation, had a notable decrease in left ven- 
tricular pressures after the procedure. Seven patients 
required reoperation for baffle obstruction. 

Mortality following Mustard repair was primarily 
related to the complexity of the lesion, maturity of 
the infant, and degree of pulmonary vascular 
changes. Caval obstruction was related to the con- 
figuration of the baffle used in the early part of this 
series. 


The arterial "switch" operation and the original 
Senning [17] operation are both important 
techniques for surgical treatment of transposi- 
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tion of the great arteries (TGA). Jatene and as- 
sociates [11] have achieved impressive results 
with the former method as have Quaegebeur 
and associates [15] with the latter. At the same 
time, major improvements in results are being 
reported for the more widely used Mustard op- 
eration [3, 4, 13, 17, 18]. The questions as to 
which of these methods to use, at what age, and 
for what type of lesion, should eventually be 
resolved by evaluating the operative risks and 
by comparing early and late postoperative re- 
sults. In this paper we review our experience 
with tre Mustard operation at The Children's 
Hospital Medical Center in Boston to provide 
additional data for answering these questions. 


Materizls and Methods 

From Jenuary 1, 1973, to November 1, 1977, 81 
consecttive infants with TGA {S.D.D.} who 
were less than 2 years old underwent an atrial 
baffle (Mustard) operation (Fig 1). There were 
59 boys (73%) and 22 girls (27%). The infants 
ranged from 36 hours to 24 months old (mean, 
9.2 morths) and weighed between 2.5 and 12 kg 
(mean, 5.7 kg). Sixteen of the 81 infants (20%) 
underwent operation within the first 3 months 
of life, 5 (7%) within the first month. 

The patients were categorized into four 
groups. Group 1 included 61 patients (75.4%) 
with p-TGA and an intact ventricular sep- 
tum (IVS) or a small ventricular septal defect 
(VSD). Group 2 had 2 patients (2.596) with 
D-TGA, IVS, and significant left ventricular out- 
flow tract obstruction (LVOTO) (left ventricular 
pressure > 100 mm Hg). Group 3 included 13 
patients (16%) with p-TGA, a large VSD, and 
left ventricular pressure near or at systemic 
level. Group 4 consisted of 5 patients (696) with 
D-TGA, VSD, and LVOTO with a pressure dif- 
ference greater than 50 mm Hg between the left 
ventricle and pulmonary artery. 

Before the Mustard operation was done, a 
total of 98 procedures were performed on these 
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Fig 1. Weight plotted against age for 81 infants who 
underwent Mustard operation. (IVS — intact ventricular 
septum; VSD - ventricular septal defect; LVOTO - left 
ventricular outflow tract obstruction.) 


infants. The procedures included 73 Rashkind 
balloonatrialseptotomies, 14 Blalock-Hanlon op- 
erations, 1 Edwards procedure, 4 pulmonary ar- 
tery bandings, 4 ligations of the patent ductus 
arteriosus, and 2 coarctation repairs. 
Conventional.cardiopulmonary bypass was 
used in 13 patients while surface cooling in 
combination with core cooling followed by cir- 
culatory arrest and core rewarming was used in 
54. More recently, surface cooling has been 
eliminated and 14 patients were repaired using 
circulatory arrest with core cooling (20°C) and 
rewarming on cardiopulmonary bypass. Mean 
circulatory arrest time was 59 minutes (40 to 81 
minutes). In patients undergoing deep hypo- 
thermic circulatory arrest, with or without 
surface cooling, a single venous cannula is in- 
serted through the right atrial appendage. Fol- 
lowing intracardiac repair, venous return for 
cardiopulmonary bypass is maintained through 
the same cannulation site (after repair, the func- 
tional left atrium). Venous return proved ade- 
quate in all patients. The atriotomy is carried 
from the atrioventricular groove transversely 
across the atrium and through the crista ter- 
minalis, and extends posteriorly between the 
right superior and inferior pulmonary veins to 
facilitate placement of the baffle and to prepare 
for enlarging the pulmonary atrium (Fig 2). The 


atrial septum is completely excised. The re- 
maining raw areas are not reendothelialized. 
The intraatrial baffle was fashioned from peri- 
cardium in 6 patients and from double-stretch 
Dacron in the remaining 75 patients. In the 
first 12 patients, the baffle was tailored to a 
butterfly shape (Fig 3). Because of excessive 
problems with caval obstructions, the config- 
uration of the patch was changed to a modified 
pantaloon shape (modified from Brom).* The 
baffle size is estimated after excision of the 
atrial septum, and during placement the baffle 
is continually trimmed to conform to the size 
and configuration of the atria. The baffle is in- 
serted with a continuous suture, starting be- 
tween the orifices of the left pulmonary veins 
and extending on both sides to a midpoint be- 
tween the superior vena cava and right superior 
pulmonary vein and the inferior vena cava and 
right inferior pulmonary vein. The second su- 
ture line begins at the remaining atrial septum, 
between the mitral and tricuspid valve, and is 
carried around the inferior and superior vena 
cava to meet the previous suture line. The coro- 
nary sinus is not incised but is left to drain into 
the functional left atrium. Finally, a quadrangu- 
lar segment of pericardium is sutured into the 
atriotomy to enlarge the newly formed left 
atrium. All VSDs are closed through the right 
atrium after the septal and anterior leaflets of 
the tricuspid valve are retracted. By preference, 


*Brom AG: Personal communication, 1973. 
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Fig 2. Technique used for placement of intraatrial baffle 
and enlargement of pulmonary atrium. (A) The solid to 
broken line indicates the atriotomy line. (B) The atrial 

septum is completely excised. (C, D) The intraatrial baf- 
fle is inserted using two lines of continuous suture. (E) A 
quadrangular piece of pericardium is sutured into the 

atriotomy to increase the size of the left atrium. | 


a pericardial patch is used to avoid possible 
adherence of valve leaflets to the Dacron mate- 
rial. Resection of LVOTO, necessary in 7 chil- 
dren in Groups 2 and 4, was accomplished 
through the pulmonary artery and valve [1]. Al 
infants were intubated and artificially venti- 
lated for a minimum of twenty-four hours after 
Operation. Postoperative assessment included 
continuous monitoring of arterial blood pres- 
sure, central venous (superior vena cava) and 
right and left atrial pressures, and electrocar- 
diograms. 
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Fig 3. Cor figuration of intraatrial baffle; butterfly shape 
(left) ana modified pantaloon shape (right). ^ : 
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Results 

Hospital Mortality 

Ten patients, 5 with p-TGA and IVS (Group 1) 
and 5 with complex p-TGA (Groups 2, 3, 4) died 
followinz the procedure (Tables 1, 2). 

In Group 1, a 13-month-old girl and a 22- 
month-old boy, died in low cardiac output. 
Both hac systemic pressures in the pulmonary 
artery before operation. Postmortem examina- 
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Table 1. Mortality in Group 1 Patients 





No. of Hospital Late 
Age (mo) Patients Mortality Mortality 
0-1 5 2 L 
1-2 l 
2-3 6 
3—6 7 1 
6-12 23 I 
. 12-24 19 2 
Total 61 5 (8.096) 2 
Table 2. Mortality in Groups 2, 3, and 4 Patients 
No. of Hospital Late 
Group Age (mo) Patients Mortality Mortality 
2t 8 1 
24 
gn 0-1 1 1 
1-2 
2—3 3 
3-6 1 
6-12 4 I 
12-24 á H 1 
4s 3-6 2 1 
6-12 1 
12-24 2 1 
Total 20 5 (2596) 1 


* Group 2 patients had an intact ventricular septum and left 
ventricular outflow tract obstruction. 

"Group 3 patients had a large ventricular septal defect. The 
3 deaths represent 23% of the patients in this group. 
*Group 4 patients had a ventricular septal defect and left 
ventricular outflow tract obstruction. The 2 deaths represent 
40% of the patients in this group. 


tion was refused for the first patient; the second 
patient was found to have grade IV pulmonary 
vascular obstructive lesions. A third child who 
was operated on when he was 5 days old had 
cardiorespiratory arrest on the day of hospital 
discharge (six weeks after operation). Prolonged 
convalescence was related to a chylothorax, 
which resolved spontaneously. Postoperative 
catheterization revealed no systemic or pulmo- 
nary venous obstruction. Cardiac arrest oc- 
curred immediately after tracheal suctioning, 
and postmortem examination failed to elucidate 
the cause of death. The other neonate, a 29- 
day-old infant, died of tamponade three days 
after the procedure. Only 1 child in this group 
died between the ages of 2 and 12 months. This 
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Fig 4. Mortality among 81 patients having Mustard op- 
eration according to age in months. The number of pa- 
tients and percent relative frequency are shown on the 
ordinate. The dark portion of the bars corresponds to 
hospital deaths. 


patient, 8 months old, died suddenly a day be- 
fore discharge. 

There was no mortality in Group 2. 

In Group 3, 3 patients died. A 1-month-old 
infant had a large conoventricular-type VSD 
that could not be closed adequately (this patient 
was seen early in our experience). Therefore a 
pulmonary artery band was used. The child 


-died four hours after operation. The other 2 


patients (7 and 18 months old) died in low car- 
diac output. Both had systemic pulmonary ar- 
tery pressure and grade IV pulmonary vascular 
obstructive disease. 

In Group 4, 2 patients died. Postoperative 
respiratory failure due to massive intrapulmo- 
nary shunting occurred in a 16-month-old boy 
with a VSD and mild pulmonary stenosis (mean 
pulmonary artery pressure, 50 mm Hg preoper- 
atively). Technical difficulties were encoun- 
tered in a 5-month-old boy with a VSD, and 
severe LVOTO that was caused by a posterior 
deviation of the parietal band. This child died 
of unrelieved obstruction. 

The rate of hospital mortality for the 81 pa- 
tients in this study was 12% + 0.04 (SEM). Mor- 
tality for patients with simple p-TGA was 8% + 
0.04 and for those with complex p-TGA, 25% + 
0.10 (Fig 4). 
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Late Mortality 

The 2 late deaths of patients in Group 1 oc- 
curred 5 and 16 months after operation. A 28- 
day-old boy had an uneventful immediate 
postoperative course. However, a reoperation 
was necessary 2 months after the initial proce- 
dure because of progressive severe LVOTO. 
Three months after the transpulmonary resec- 
tion of the fibromuscular-type stenosis, the 
child died of viral pneumonia confirmed at 
postmortem examination. The other patient, a 
4-month-old girl had postoperative superior 
and inferior vena cava obstruction caused at the 
narrow central portion of a butterfly-shaped 
baffle. After reoperation she died in cardiore- 
spiratory failure. The cause of late death in a 
17-month-old boy in Group 3 is not known. 


Complications . 

Mild congestive heart failure and transient dys- 
rhythmias were most frequent. Other early 
postoperative complications included transient 
seizures (6 patients), chylothorax (3 patients), 
cortical blindness (1 patient), transient renal 
failure (1), diaphragmatic paralysis (1), and 
wound infection (1). The chylothorax resolved 
spontaneously in all 3 patients. The most seri- 
ous complication was cortical blindness in a 
10-month-old boy with TGA, a large VSD, and 
previous pulmonary banding. During deep 
hypothermic circulatory arrest, the intraatrial 
baffle and the VSD patch were placed within 40 
minutes. However, repair of the band site 
proved difficult. Although there is no direct 
evidence that the central nervous system lesion 
was related to hypothermic circulatory arrest, 
the reconstruction of the pulmonary arteries re- 
quired an excessive period (81 minutes) of in- 
terrupted circulation. 

Early (time of hospital discharge) and late 
postoperative rhythm disturbances are outlined 
in Table 3. Fifteen patients (18.5%) had dys- 
rhythmias verified by Holter monitoring, at the 
time of hospital discharge. No late deaths were 
related to abnormal rhythms. However, 2 pa- 
tients required cardioversion of atrial flutter 
after hospital discharge. A 20-month-old boy 
was in regular sinus rhythm with a few occa- 
sional junctional escape beats following Mus- 
tard repair. Within a year he was noted to be in 


Table 3. Electrocardiographic Findings at Hospital 
Dische-ge and at 1-Year Follow-up? 








1 Year 
Rhythm. At Hospital after 
Disturbance Discharge Operation 
Sinus rhythm 56 58 
Junctior.al rhythm 1 2 
Heart b.ock 0 0 
Atrial premature beats 1 0 
Ventricular 1 0 
premature beats 

Junctional escape 8 5 
Sick sinus syndrome 4 5 


"While most of the children were in sinus rhythm through- 
out, postoperative abnormalities on discharge correlated 
poorly wizh the findings 1 year later. For example, only 2 of 
4 childrer with sick sinus syndrome at discharge had it 1 
year later but it had developed in 3 other children (1 with 
normal sinus rhythm and 2 with junctional escape beat) in 
the interim. 


atrial flutter, and it was determined he had sick 
sinus syndrome. A year later he sustained a 
syncopal episode and a permanent pacemaker 
was inserted on the assumption that the uncon- 
sciousness resulted from a bradydysrhythmia. 
The other patient, a 19-month-old infant was in 
junctional rhythm at the time of discharge from 
the hospital. Two years following Mustard re- 
pair, atrial flutter developed, which required 
cardioversion. 


Late Caraiac Catheterization Data 

Thirty-ore patients were recatheterized at an 
average interval of 1 year following the Mustard 
operation 24 of the survivors of Group 1, 2 of 
Group 2, and 5 of Group 3. Of Group 1 patients, 
all but 3 had normal pulmonary artery pressures 
preoperatively. In 2 of these 3 with pulmonary 
artery hypertension, pressure returned to nor- 
mal after Mustard repair. The exception was a 
16-month-old boy (Fig 5). Functional left ven- 
tricular outflow gradients were measured in 20 
patients ir. Group 1 (Fig 6). The mean preopera- 
tive gradient of 32 mm Hg decreased to a mean 
of 18 mm Hg after operation. Of the 5 patients 
in whom the preoperative gradient exceeded 40 
mm Hg, rone had a gradient of more than 19 
mm Hg afier repair. Since these gradients were 
considerec to be functional before operation, 
no attemp- was made to resect any part of the 
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Fig 5. Pulmonary artery pressure before and after Mus- PREOP POSTOP 


tard operation in 24 patients of Group 1. Fig 7. Left ventricular pressure before and after Mustard 


operation and closure of the ventricular septal defect 
(VSD) in 5 patients of Group 3. (PAB = pulmonary ar- 
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tients of Group 1. = superior vena caua; IVC = inferior vena cava; NO. 
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left ventricular outflow tract at the time of re- 

pair. In the 2 patients with TGA and IVS and left ventricle before repair (Fig 7) that decreased 
(asymmetric) septal hypertrophy (Group 2), notably after repair. The surviving patients 
preoperative left ventricular pressures mea- with TGA, VSD, and LVOTO (Group 4) are clin- 
sured 160 and 200 mm Hg. In both patients the  ically well but have not yet been recatheterized. 
Mustard repair was accompanied by transpul- Gradients between both superior vena cava 
monary artery myotomy and partial resection of and inferior vena cava and the right atrium are 
the hypertrophied septal muscle mass. Al- shown in Fig 8. Of the 12 patients with gra- 
though bcth infants had an uncomplicated dients greater than 8 mm Hg, 10 had the 
postoperative course and continue to do well butterfly-shaped (narrow-waisted) baffle used 
clinically, systolic left ventricular pressures are at the beginning of this series. The other two 
still notably elevated at repeat catheterization had a modified Brom baffle and were operated 
(90 and 60 mm Hg, respectively). All 5 patients on within the first month of life. Both had a 
in Group 3, 1 with a pulmonary band, for side-to-side superior vena cava-to-right pul- 
whom preoperative and postoperative studies monary artery anastomosis in order to decom- 
were available, had systemic pressures in the press the superior vena cava at the time of re- 


480 The Annals of Thoracic Surgery Vol 26 No 5 November 1978 


pair [1]. Seven of the 10 patients with butterfly 
baffles have required reoperation (4 to 24 
months after the original operation). To date, 
we have not seen any patient with obstruction 
of the pulmonary venous return. 

Tricuspid regurgitation was neither a clinical 
nor a roentgenographically recognizable prob- 
lem in this series. One patient with a large VSD 
had a small, hemodynamically insignificant re- 
sidual shunt. 


Comment 
Our policy is to treat all patients with p-TGA 
initially with Rashkind balloon atrial sep- 
totomy. After this treatment only those patients 
in whom oxygen saturation remains below 6096 
or in whom metabolic acidosis persists are con- 
sidered candidates for additional emergency 
procedures. If the Rashkind balloon atrial sep- 
totomy is deemed inadequate on the basis of 
technical difficulties, if residual pressure is mea- 
sured between left and right atria, if the two- 
dimensional echocardiogram demonstrates an 
inadequately sized atrial communication, or 
if a combination of the last two factors is pres- 
ent, then a Blalock-Hanlon atrial septotomy is 
advised. On the other hand, if the Rashkind 
balloon atrial septotomy is considered to be tech- 
nically adequate and if left and right atrial pres- 
sures equalize after the procedure, or if the sec- 
torscan confirms the presence of a large atrial 
communication, then the Mustard operation 
is carried out irrespective of the age or weight 
of the child. By preference, we delay Mustard 
repair until the child is 6 to 8 months old. In 
this series of p-TGA and IVS there were 2 deaths 
in the first month of life but no increased mortal- 
ity or increased complication rate in those pa- 
tients 2 to 12 months old compared with those 12 
to 24 months old. Although generally in patients 
with TGA and IVS there is only a remote 
chance that pulmonary vascular obstruction 
will occur within the first two years of life [8, 
14], the potential is real enough to warrant 
elective repair before patients are 1 year old as 
judged by the death of 2 patients with advanced 
pulmonary vascular obstruction who were 13 
and 22 months old. 

Since pulmonary vascular obstruction de- 
velops early in patients with p-TGA and VSD [5, 


9|, our policy is to repeat catheterization when 
patients are about 3 months old. Should the 
pulmonary/systemic pressure ratio be greater 
than 0.75, transatrial closure of the VSD and 
Mustard operation are recommended at that 
time. In patients with a pressure ratio of less 
than 0.75, we delay repair until they are 6 to 8 
months old. Of course, if deterioration of the 
clinical status requires operation before the 
elective age, Mustard operation and closure of 
the VSD are done whenever indicated. We do 
not bard the pulmonary artery electively at any 
age except in those rare instances of infants 
with TGA and VSD who require an emergency 
Blalock-Hanlon operation in the first weeks of 
life. Th» band is removed within the first year 
to minimize complications related to the band 
site. Ccrtical blindness, the only serious long- 
term neurological complication in our experi- 
ence w:th the use of hypothermic circulatory 
arrest, occurred in a patient in whom the band 
had m.grated distally resulting in a time- 
consuming, difficult technical repair. 

Thanxs to a clearer understanding of the 
anatomy of the different types of VSDs seen in 
patients with TGA [2, 19], transatrial closure of 
these defects has become progressively easier. 
The oriy death related to technical problems 
with clcsure of a VSD associated with TGA oc- 
curred early in our experience. 

Mortelity following Mustard repair is caused 
by a variety of factors including the complexity 
of the lesions, the maturity of the infant, and 
the degree of pulmonary vascular changes. 
Mortality within the first month reflects the 
severitv of persistent hypoxemia and the com- 
promised condition of the neonate requiring 
urgent operation. At the other end of the age 
spectrum, most deaths were related to pulmo- 
nary vascular obstructive disease. 

The postoperative hemodynamic studies in 
patients with TGA and IVS are encouraging. Of 
the 24 »atients who had recatheterizations 1 
year after Mustard repair, all but 1 had normal 
pulmonary artery pressures at rest. Because of 
the youag age of these patients, exercise chal- 
lenge was not included in these studies. How- 
ever, we hope to obtain postexercise studies at 
the 5-year postoperative review. We were reas- 
sured that LVOTO gradients less than 60 mm 
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Hg in patients in whom organic subpulmonary 
obstruction had been ruled out by angiogram or 
echocardiogram tended to decrease rather than 
increase after the Mustard operation. The 
mechanism (or mechanisms) responsible for 
these apparently “functional” gradients is not 
entirely clear, but an exaggerated convexity of 
the posterior ventricular septum along with sys- 
. tolic anterior displacement of the aortic leaflet 
of the mitral valve has been implicated as a 
possible cause. Organic LVOTO, with or with- 
out a VSD, on the other hand, can pose great 
problems to surgical management. Isolated 
and short segmented forms of fibrous or 
fibromuscular-type obstructions, aneurysms of 
the pars membranacea septi, and localized ex- 
crescences or remnants of endocardial cushion 
tissue lend themselves more readily to excision 
through the pulmonary artery and valve. How- 
ever, judging the precise extent of the obstruc- 
tion can be difficult and angiography can be 
misleading. Death due to inadequate resection 
of a longer than anticipated fibromuscular 
tunnel-type obstruction occurred in 1 of our pa- 
tients in Group 4 with a VSD. In retrospect, this 
child might have benefited from a palliative 
shunt, rather than attempted resection, fol- 
lowed later by a Rastelli operation. In patients 
with a posteriorly displaced parietal band, a 
relatively common cause of severe subpulmo- 
nary stenosis in TGA in association with a large 
conoseptal-type VSD (malalignment of the 
conus and septum), extensive resection of the 
parietal band can lead to difficulties in anchor- 
ing the VSD patch. Perhaps the greatest techni- 
cal difficulty is offered by a diffuse muscular 
(asymmetrical) septal hypertrophy with or 
without VSD, which can cause very high left 
ventricular pressures early in life. Whether the 
2 infants in our series with this lesion and re- 
sidual left ventricular hypertension after myot- 
omy and myectomy will require additional oper- 
ation remains to be seen. 

The incidence of venous inlet obstruction in 
our experience has been closely related to the 
configuration of the intraatrial baffle rather 
than to the baffle material. In the patients re- 
quiring reoperation, the obstruction occurred at 
the waistline of the butterfly-shaped baffle used 
in the early part of this series. Since changing to 


the modified pantaloon configuration, reopera- 
tions have so far not been necessary. Since the 
azygos vein system effectively decompresses 
the superior vena cava, symptoms correlate 
poorly with the degree of caval obstruction. 
Follow-up cardiac catheterization or a radionu- 
clide cardiogram, therefore, are the only means 
of accurately assessing the incidence of venous 
obstruction. To the best of our knowledge, the 
report by Clarkson and associates [6] is the only 
one to include routine catheterization studies 
after the Mustard operation. Their incidence of 
significant venous inlet obstruction in children 
of all ages was 6%, with a higher incidence 
among infants who were less than 6 months 
old. With the exception of the 2 neonates, we 
have not found any relationship between age 
and caval inflow obstruction. Enlargement of 
the pulmonary venous atrium with a large 
pericardial path, we believe, is responsible 
for the absence of pulmonary venous obstruc- 
tion in our series. Extending the atrial incision 
between the right superior and inferior pul- 
monary veins also permits the use of a larger 
baffle, thus minimizing the chances of caval 
obstructions. | 

The incidence of arrhythmias after Mustard 
operation varies greatly [5, 7, 9, 12]. Damage to 
atrial conduction has been related to various 
Operative steps of the Mustard operation [20]. 
In order to avoid damage to the sinoatrial node, 
we cannulate the superior vena cava directly 
cephalad to the cava-atrial junction or when 
deep hypothermic circulatory arrest is used, a 
single venous cannula is placed through the right 
atrial appendage. Since we use a transverse 
atriotomy, which reportedly interferes with 
posterior activation of the atrioventricular node 
[20], we refrain from incising the coronary sinus 
and carry the baffle suture along the line de- 
marcated by the ligament of Todaro, potentially 
preserving the area of anterior activation. Al- 
though we have not done electrophysiological 
studies on these patients, we presume that this 
extrapolation of the observations of Wittig and 
associates [20] is correct, given the low inci- 
dence of nodal rhythms after the Mustard oper- 
ation in our patients. 

The recent report of Quaegebeur and as- 
sociates [15] on the Leiden experience with the 
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Senning operation is noteworthy. The low hos- 


pital mortality (2/20 patients), the absence of. 


pulmonary venous obstruction, the insignifi- 
cant caval gradients, and the 7596 incidence of 
early postoperative sinus rhythms are major ac- 
complishments and are competitive with the 
results obtained with the conventional Mustard 
operation. Àn important advantage of the Sen- 
ning operation is the need for little or no 
foreign material, thus allowing for potential 
growth of the biological baffle. If these excellent 
results can be maintained in a larger number 
of patients and duplicated by other surgical 
teams, the Senning operation might well de- 
serve a universal renaissance. 

Physiologically, the arterial switch operation 
is the most appealing of all procedures de- 
veloped for the surgical treatment of TGA. In 
view of reports of several successful operations 
by Jatene and associates [10, 11], it is important 
to define more precisely the indications for this 
operation. Obviously, a left ventricle capable of 
acutely maintaining an effective output against 
systemic resistance is of central importance. In 
addition to the apparent requirement that the 
left ventricle be "accustomed" to function as the 
systemic ventricle, there must be no obstruc- 
tion to left ventricular outflow and pulmonary 
vascular resistance ought to be as near normal 
as possible. At present, these conditions are 
limited to those patients with TGA and VSD or 
those patients with patent ductus arteriosus in 
whom pulmonary vascular obstructive disease 
has not developed yet, or perhaps to neonates 
with TGA and IVS. Obviously, the anatomy of 
the coronary arteries and the spatial relation- 
ships between both great arteries must also be 
suitable for the switch operation. In spite of 
these real or theoretical limitations, Jatene's ac- 
complishment must rank with the pioneering 
efforts of Senning and Mustard in the surgical 
treatment of TGA. With improvement in tech- 
nique and better understanding of indications 
and contraindications, the operative mortality 
should eventually decrease and the Jatene oper- 
ation will prove an important addition to the 
surgical management of TGA. 

Based on this evaluation, we conclude that 
mortality following Mustard repair is predomi- 
nantly determined by the complexity of the le- 


sion, the maturity of the infant, and the degree 
of pulmonary vascular changes. 

Although in general, children with TGA 
markedly improve following repair, residual 
hemodynamic abnormalities and conduction 
disturEances are, nevertheless, sufficient in 
number and degree to warrant continued ap- 
praisal of surgical alternatives to the Mustard 
technicue. After long-term evaluation of recent 
exciting developments, principally Jatene’s suc- 
cess with the arterial switch operation and 
Brom’s renewed interest and excellent results 
with the Senning operation, these procedures 
may provide further improvements in the man- 
agement of infants with p-TGA. 
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Discussion 

DR. ALBERT D. PACIFICO (Birmingham, AL): Dr. Cas- 
taneda and his colleagues have once again presented 
superb surgical results in this group of infants and 
small children. Since 1967, we have had a similar 
experience with 172 Mustard procedures for patients 
with transposition of the great arteries and agree in 
general that it is a good procedure and that particular 
attention to baffle design and insertion is especially 
important in the infant group. We also believe that 
the ultimate position of the baffle, at least in some 
patients, is beyond the control of the operating. sur- 
geon. For example, in an 8-month-old infant who 
underwent a Mustard procedure, an angiogram 
showed a widely patent inferior vena caval pathway 
during an early postoperative study. A few minutes 
later during the same film sequence severe inferior 


vena caval obstruction was revealed. The ultimate 
position this baffle will occupy seems unpredictable. 

The Mustard technique has some disadvantages. 
There is a rather large amount of nonviable material, 
be it pericardium or Dacron, that will not grow as a 
child increases in size. There is a significant inci- 
dence of "subclinical" and "cinical' vena caval 
obstruction in patients in this and other series, who 
are reevaluated. The incidence of postoperative dys- 
rhythmias is also remarkable. 

Influenced by the early experience with the Sen- 
ning I technique and the impressive recent experi- 
ence of Professor Gerard Brom in Leiden, we have 
begun to use this method. Our experience thus far is 
small and, therefore, I would like to present, with his 
permission, Professor Brom's data. The hospital mor- 
tality among 29 patients who underwent the Senning 
I operation for various subsets of transposition is 
similar to that presented by Dr. Castaneda's group. 

Nineteen patients with intact septum underwent 
repair. Although none of the patients were less than 
3 months old, the procedure was nicely performed, 
which indicates it can be used even in neonates. 
Seventeen of these patients have sinus rhythm. 

The basic idea of the Senning I procedure is to use 
the atrial septum and a part of the free right atrial 
wall as the caval pathway and to reconstruct the pul- 
monary venous pathway with the remaining right 
atrial wall. Very little foreign material is required and 
a more reproducible geometry of this predominantly 
viable “baffle” results. 


DR. L. HENRY EDMUNDS (Philadelphia, PA): I also 
would like to congratulate the Boston group on the 
fine results and wish to discuss the problem of post- 
operative arrhythmias. In Philadelphia in the past 
three years we have performed the Mustard opera- 
tion for D-transposition and an intact septum on 27 
consecutive patients less than 2 years old. There were 
3 hospital deaths and no late deaths. All of the pa- 
tients had a vertical atriotomy perpendicular to the 
axis of the cavae, and a patch was applied to enlarge 
the functional left atrium. No or minimal dissection 
of the anterior limbus of the atrial septum was car- 
ried out. With the exception of 1 patient in whom the 
sinus node was knowingly injured, all of the pa- 
tients have been in sinus rhythm at some time post- 
operatively. Ordinary electrocardiograms showed 
that all had sinus rhythm or at worst first-degree 
heart block at some time in the postoperative course. 
In 1 patient, nine consecutive random electrocardio- 
grams over a 1-year period all showed sinus rhythm, 
yet the Holter monitor indicated that the patient was 
going in and out of sinus rhythm and nodal rhythm. 

Ongoing analysis of our patients with Holter 
monitors demonstrates that sinus rhythm is present 
some of the time in nearly all patients and is present 
all of the time in a few patients. The explanation for 
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this is, of course, that the operation changes the con- 
duction times or rate of depolarization as the sinus 
impulse moves across the atrium to the atrioventricu- 
lar node. This was beautifully shown by Dr. Wittig 
and Mr. Stark from The Hospital for Sick Children in 
a paper published about a year ago. 

Unfortunately, atrial dysrhythmias are the rule 
after the Mustard operation, and the fact that random 
electrocardiograms show sinus rhythm does not sig- 
nify that the patient will be free of a disastrous com- 
plication or a slow junctional rhythm. In fact, 2 of our 
patients did come into the hospital with nodal 


rhythms of 40 beats per minute. These were tran- 
sient, but they occurred in spite of the fact that both 
patients are in sinus rhythm part of the time. 


DR. EGLOFF: Controversy about type of operation or 
surgical technique will probably go on until further 
long-term results are available. I should add that Hol- 
ter monitoring was done on all patients at hospital 
discharge but we do not have the results of 1-year 
postoperative monitoring. Thus our results of about 
84% normal sinus rhythm 1 year after repair are not 
confirmed by Holter monitoring as yet. 
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HOW TO DO IT 


Maintenance of Permanentl 


y Implanted 


Cardiac Pressure Catheters in Experimental Animals 


W. Randolph Chitwood, Jr., M.D., Ronald C. Hill, M.D., and Andrew 5. Wechsler, M.D. 


ABSTRACT Two techniques for maintaining per- 
manently implanted cardiac catheters in experimen- 
tal animals are described. Polyvinylchloride cathe- 
ters are coated with TDMAC-Heparin, a polymer 
complex currently used clinically to prevent throm- 
bogenesis in vascular shunts. Long-term catheter 
obstruction and thrombus formation have been ob- 
viated by using this method. Also, to assure multi- 
ple, painless studies in awake animals, a somewhat 
different technique for pressure catheter access has 
been developed and is detailed in this report. 


Laboratory investigations often necessitate ex- 
perimentation involving permanently instru- 
mented animals. The physiological advan- 
tages of using healthy and awake animals are 
evident, and often incomplete data are obtained 
because of malfunction in either high- or low- 
pressure cardiac catheters. Currently, many in- 
vestigators use tubing filled with heparin, and 
left in subcutaneous pouches until the time of 
the study. Others exteriorize catheters and 
maintain animals in a snug body wrap to ob- 
viate damage that often eventuates in fatal 
hemorrhage. A successful method of main- 
taining permanently implanted cardiac pres- 
sure cathe-ers is discussed in this report. 


Technique 

Large polyvinylchloride tubing (14 gauge) is 
cut into 35 mm lengths (PVC-105/14 Alpha 
Wire Company, Elizabeth, NJ). Subsequently, 


. catheters are dipped and flushed with 296 


TDMAC-Heparin (Polysciences Incorporated, 
Warringtcn, PA) to ensure total coating. 
TDMAC (tridodecylmethyl ammonium chlo- 
ride) is a lipophilic cationic polymer that binds 
the anionic heparin moiety to polyvinylchloride 
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(PVC) tubing. Clinically, vascular shunts are 
often impregnated with TDMAC to eliminate 
the need for systemic heparinization during 
major thoracic revascularization procedures [2, 
3]. This complex may be utilized with other 
synthetic materials, including silicone rubber, 
Mylar Dacron, and polypropylene, to prevent 
thrombogenesis [1]. Excess fluid should be shak- 
en from the tube and each catheter allowed to 
dry for 24 hours before ethylene oxide steriliza- 
tion. Color-coded PVC tubing is available and 
helps to minimize catheter confusion when the 
physiological studies are performed. 

After lateral thoracotomy in dogs, a purse- 
string suture secures the catheter 2 cm into the 
left ventricular chamber. Before insertion, a silk 
ligature should be placed near the tip to elimi- 
nate spontaneous extrusion. Subsequently, 
placement of a pursestring suture in the atrial 
appendage allows catheter introduction and 
stabilization. Aortic catheters generally are in- 
serted through the internal mammary artery 
without complications. To determine micro- 
sphere reference flow, the subclavian artery may 
be ligated and an additional tube inserted into 
the aortic arch. 

‘When the chest is closed, the catheters easily 
line up between the approximated ribs without 
impingement. Each tube should be carefully 
clamped and exteriorized separately along the 
dorsal neck region through a long subcutane- 
ous tunnel. Subsequently, 14-gauge Longdwel 
catheters (Becton and Dickinson Co, Ruther- 
ford, NJ) are cut to 2.5 cm and tightly inserted 
into each tube using a metal obturator. Blunt 
metal needles are generally heavy and cause ex- 
cessive catheter motion. A rubber septum from 
a plastic intravenous bag should be inserted to 
cover the Longdwel cap and then secured with 
a tight ligature (Figure). Each catheter may be 
flushed with saline by introduction of a small 
needle (22 gauge) through the septum. In this 
laboratory, catheters are flushed usually with 
heparinized saline (20 units per milliliter) every 
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RUBBER SEPTUM 


LONGDWEL 
CATHETER 


PVC TUBING 


Polyvinylchloride (PVC) tubing coated with TDMAC- 
heparin emerges from the chest wall and passes from a 
long subcutaneous tunnel and through the skin. A 
Longdwel intravenous device has been inserted into the 
catheter externally, and an attached rubber septum en- 
ables needle introduction (left). Catheters are exteriorized 
along the dorsal neck region in the dogs. Animal jackets 
are frequently used to cover catheter exit sites (right). 


3 to 4 days for added protection. When short 
external lengths are used and catheters are 
positioned along the posterior neck, catheter 
damage by the dog has been minimal. In ad- 
dition, a well-fitted dog jacket (Alice King 
Chatham Medical Arts, Los Angeles, CA) may 
minimize injury, although it is not absolutely 
necessary. The jacket model we use presently 
has instrument pockets, which are often help- 
ful in supporting pressure transducers during 
exercise studies. 


Comment 

With this simple technique, catheters can be 
tested at the time of operation and flushed 
throughout the postoperative period to ensure 
patency. At the time of study, a large needle is 
inserted easily across the septum and provides 





undamped pressure monitoring. Alternatively, 
a plastic stopcock may be attached to the cathe- 
ter for deta collection. This totally external tech- 
nique eliminates animal trauma associated with 
exteriorization of subcutaneous catheters at the 
time of resting studies. 

With permanently implanted catheters, ei- 
ther acute occlusion or chronic thrombosis 
often developed before TDMAC-Heparin was 
used to coat PVC catheters. Atrial and ven- 
tricular thrombi have resulted in cerebrovascu- 
lar accidents in some laboratory animals. Dogs 
having TDMAC-Heparin-impregnated ven- 
tricular and atrial catheters are now frequently 
maintained for up to eight weeks without 
obstruction, systemic infection, pneumothorax, 
or cavitary thrombus formation. Local infection 
has not b2en a problem even when a long sub- 
cutaneous catheter tunnel is used. Animals are 
routinely treated for 5 days after operation with 
standard intramuscular antibiotics, and there- 
after once each week. Thus, permanent in- 
strumentétion and pressure monitoring can be 
repeated with few problems using these ex- 
perimental techniques. Moreover, this mode 
of catheter exteriorization enables easy access 
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without even minimal pain that may preclude a 
precise study in resting, awake animals. 
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REVIEW OF RECENT BOOKS 


Vascular Surgery 

Edited by Kobert B. Rutherford, M.D., and 

Associate Editors Victor M. Bernhard, M.D., 

Frank E. Maddison, M.D., Wesley S. Moore, M.D., 
Malcolm O. Perry, M.D., and David S. Sumner, M.D. 
Philadelphia, W. B. Saunders Company, 1977 

1,401 pp, illustrated, $65.00 


Reviewed by Roland Folse, M.D. 


Vascular Surgery is a new and comprehensive treatise 
on the surgical management of vascular diseases. Be- 
cause peripheral vascular surgery has become such 
an extensive and complex specialty, the five associate 
. editors and 94 contributors have covered, within a 
single text, a wide variety of topics related to vascular 
physiology, diagnosis, and surgery which should be 
of interest to the medical student, the physician in 
training, and the vascular surgeon. These subjects 
include hemodynamics of the peripheral circulation, 
principles of angiography, management of acute and 
chronic arterial insufficiency, management of neu- 
rovascular diseases of the upper extremity, arterial 
aneurysms, arteriovenous fistulas, the management 
of visceral ischemic syndromes, portal hyperten- 
sion, renal vascular disorders, extracranial cerebro- 
vascular disease, venous disorders, lymphedema, 
and extremity amputations. The volume contains 
more than 1,400 pages, is well illustrated, and refer- 
ences many pertinent articles. 

The section on hemodynamics and pathophysiol- 
ogy of peripheral circulation, edited by Dr. David 
Sumner, is particularly detailed and provides impor- 
tant background information for anyone performing 
vascular surgery. It covers a number of noninvasive 
techniques applicable to both arterial and venous 
diseases. 

The section on fundamental therapeutic and tech- 
nical considerations in vascular surgery is a diverse 
group of chapters dealing with management, surgical 
techniques, and ancillary procedures. Chapters relat- 
ing to vasodilating agents, microvascular surgery, 
and basic vascular surgical techniques are treated 
only superficially, whereas chapters covering 
anticoagulant therapy, infection in prosthetic grafts, 
and fluid management in patients undergoing major 
vascular operations emphasize important areas in 
sufficient detail to assist the student of vascular 


surgery. 
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The section on portal hypertension is comprehen- 
sive and discusses the many techniques related to 
that problem. Subsections include the emergency 
management of variceal hemorrhage, portal hyper- 
tension in children, management of ascites, and mul- 
tiple techniques for portosystemic shunts. 

A section on the basic principles of angiography 
outlines the technical aspects of angiography and the 
pitfalls of its use in clinical evaluation. Since angiog- 
raphy is such an important part of the management 
of patients with peripheral vascular diseases, the sec- 
tion is su--able for this type of book. 

Althouga the book is quite complete, the section 
on chronic occlusive arterial disease could have been 
dealt within greater depth. This criticism is particu- 
larly pertinent for the discussions of the technical 
management of aortofemoral reconstruction and the | 
comparison of the various treatment modalities. 
Likewise, :n the section on venous disease, the man- 
agement of varicose veins is discussed only from a 
brief tech- ical aspect; greater detail would have en- 
hanced this section. 

It is not surprising that there are redundancies in a 
textbook cf this size. Some of these will likely be 
eliminated in later editions. Also, a general textbook 
like this one should present several sides of contro- 
versial questions and define alternative techniques 
that are uriversally accepted. In some chapters this 
has been done quite well; in others, the author's 
preference has been emphasized. 

Most o: the authors of specific chapters were 
selected fo- their expertise. It is understandable that 
the book loses some smoothness in style because of 
the diverse presentations. The editors and publisher 


Should be complimented on organizing this large 


amount of information into such a readable volume. 
The layout. printing, and illustrations are exception- 
ally good. 

In covering such a wide range of material, Vascular 
Surgery makes a significant and monumental con- 
tribution t> the field of vascular surgery. The field 
has develo2ed extensively in the past 25 years, and 
this is the first major textbook to include so many 
aspects. It will be a welcome addition to the libraries 
of all students of peripheral vascular diseases. 
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8:00—8:15 


8:15—8:35 


8:35—8:55 


9:15-9:35 


9:35—10:05 


10:05-10:25 


10:25—11:00 
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Moderators 


1:30—1:35 


1:35-2:10 


2:10—2:30 


2:30—3:00 


3:30—4:00 


4:00—4:25 
4:25—5:00 


THIRTEENTH POSTGRADUATE PROGRAM 
THE SOCIETY OF THORACIC SURGEONS 


Sunday, January 14, 1979 
Phoenix Civic Center, Phoenix, AZ 


Morning Session 
Current Surgical Management of Ischemic Heart Disease 


George C. Kaiser, M.D., St. Louis, MO, and Joe R. Utley, M.D., San Diego, CA 


Overview 
George C. Kaiser, M.D., St. Louis, MO 


Surgical Management of Left Main Coronary Artery Disease 
Harvey W. Bender, Jr., M.D., Nashville, TN 


Coronary Artery Bypass in Patients with Poor Left Ventricular Function 
Quentin R. Stiles, M.D., Los Angeles, CA 


Break 


Management of Combined Cerebrovascular and Coronary Artery Disease 
Floyd D. Loop, M.D., Cleveland, OH 


Current Controversies in the Conduct of the Coronary Bypass Operation 
Daniel J. Ullyot, M.D., San Francisco, CA 


Operative Technique for Coronary Bypass 
John L. Ochsner, M.D., New Orleans, LA 


How My Technique Differs 
Quentin R. Stiles, M.D., Los Angeles, CA 


Panel Discussion and Questions 


Afternoon Session 
General Thoracic Surgery 


Martin F. McKneally, M.D., Albany, NY, and Robert W. M. Frater, M.D., New 


. York, NY 


Introduction 
Martin F. McKneally, M.D. 


Anesthesia for Thoracic Surgery 
-H. Barry Fairley, M.D., San Francisco, CA 


Update on Pacemakers 
Robert W. M. Frater, M.D., New York, NY 


Current Management of Problems with Infection in Thoracic Surgery 
David B. Skinner, M.D., Chicago, IL 


Break 


Resection and Reconstruction for Tumors Involving the Chest Wall 
W. Spencer Payne, M.D., Rochester, MN 


Self- Assessment Examination 


Panel Discussion and Questions 


490 The Annals of Thoracic Surgery Vol 26 No 5 November 2978 


This program is sponsored by the Committee on Postgraduate Education of The 
society of Thoracic Surgeons in conjurction with the Fifteenth Annual Meeting. 


Registration ($20 fee includes lunche»n) is open to all thoracic surgeons and 
residents. Details regarding registration will be mailed to members; others 
should write to the Secretary, Thomas D. Bartley, M.D., The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 


This program is authorized for eight hours’ credit toward the Physicians’ Rec- 
ognition Certificate of the American Medical Association. 
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8:00 
8:30—12:C0 
L 


1:30-5:00 
re 


10. 


11. 


12. : 


13. 


14. 


PROGRAM 
FOR FIFTEENTH ANNUAL MEETING 
OF THE SOCIETY OF THORACIC SURGEONS 


January 15-17, 1979 
Phoenix Civic Center, Phoenix, AZ 


January 15, 1979 (Monday) 
Morning 


Business Meeting (members only) 
Scientific Session 


Role of the Surgeon in Percutaneous Transluminal Dilatation of Coronary 


Stenosis 
Marko Turina, M.D., and Andreas Gruentzig, M.D., Zurich, Switzerland 


Factors Influencing Patency of Saphenous Vein Grafts 
Jack A. Roth, M.D., Ramon A. Cukingnan, M.D., B. Greg Brown, M.D., Edward Gocka, M.D., and 
Joseph S. Carey, M.D., Los Angeles, CA 


“Prophylactic” Coronary Artery Grafting in Patients with Few or No Symptoms 
Claude M. Grondin, M.D., Jean G. Kretz, M.D., Julio F. Tubau, M.D., Lucien Campeau, M.D., and 
Martial G. Bourassa, M.D., Montreal, Que, Canada 


Effects of Cold Cardioplegia on Results of Combined Aortic Valve Replacement 


and Coronary Bypass Grafting 
Dwight C. Lundell, M.D., Hillel Laks, M.D., Alexander S. Geha, M.D., Vasant B. Khachane, M.D., 
and Graeme L. Hammond, M.D., New Haven, CT 


Does Pulsatile Flow Influence the Incidence of Postoperative Hypertension? 
Rod Landymore, M.D., David Murphy, M.D., Edwin Kinley, M.D., James Parrott, M.D., and 
Emerson Moffitt, M.D., Halifax, NS, Canada 


Prospective Evaluation of the Pulsatile Assist Device (PAD) 
G. Lionel Zumbro, M.D., George Shearer, C.C.P., Malcolm E. Fishback, M.D., and Ronald F. 
Galloway, M.D., Augusta, GA 


Blood Conservation during Myocardial Revascularization 
Delos M. Cosgrove, M.D., Robert L. Thurer, M.D., Bruce W. Lytle, M.D., Carl G. Gill, M.D., Mohan 
Peter, M.D., and Floyd D. Loop, M.D., Cleveland, OH 


Treatment of Postperfusion Bleeding Using e-Aminocaproic Acid (Amicar), 
Cyroprecipitate, Fresh-Frozen Plasma, and Protamine Sulfate 


Cary J. Lambert, M.D., Alain J. Marengo-Rowe, M.D., James E. Leveson, Ph.D., J. Peter Thiele, 
M.D., Gerald F. Geisler, M.D., Maurice Adam, M.D., and Ben F. Mitchel, M.D., Dallas, TX 


Afternoon 
Scientific Session 


Bilateral Pulmonary Resection for Bronchiectasis: A 40-Year Experience 
Stuart A. George, M.D., and Richard H. Overholt, M.D., Boston, MA 


Surgical Treatment of Lung Abscess 
Arthur N. Thomas, M.D., San Francisco, CA 


Pancoast’s Tumor: Radiation or Operation? 
Safuh Attar, M.D., John Satterfield, M.D., John E. Miller, M.D., John Hankins, M.D., and Joseph S. 
McLaughlin, M.D., Baltimore, MD 


Sleeve Pneumonectomy for Bronchogenic Carcinoma 
J. Deslauriers, M.D., M. Beaulieu, M.D., A. Benazera, M.D., and A. McClish, M.D., Ste-Foy, Que, 
Canada 


Role of Gallium 67 Scanning in Clinical Staging and Preoperative Evaluation of 


Patients with Carcinoma of the Lung 
Tom R. DeMeester, M.D., Harvey M. Golomb, M.D., Karim Rezai-Zadeh, M.D., Dennis L. Streeter, 
M.D., Jacob Bitran, M.D., and Malcolm Cooper, M.D., Chicago, IL 


Segmental Resection for Bronchogenic Carcinoma 
Robert L. Shuman, M.D., Robert J. Jensik, M.D., L. Penfield Faber, M.D., and C. Frederick Kittle, 
M.D., Chicago, IL 
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16. 


8:30—10:00 
T. 


8:30—11:30 
17. 


18. 
19. 


20. 


21. 


2s 


11:30—12:00 


Changing Role of Surgery in Pulmonary Metastases 
Patricia A. McCormack, M.D., and Nael Martini, M.D., New York, NY 


Operation for "Unresectable" Carcinoma of the Lung: Combined Modality 
Approach 

Hiroshi Takita, M.D., Ariel C. Hollinshead, M D., Donna J. Rizzo, M.D., Christine M. Kramer, 
M.D., Tah Y. Chen, M.D., Joginder N. Bhayanz, M.D., and Francis Edgerton, M.D., Washington, 
DC 


Evening 
Surgical Motion Pictures 


Repair of Swiss Cheese Ventricular Septal Defect Utilizing Core Cooling with 


Pulsatile Bypass and Hypothermic Arrest 
G. Doyne Williams, M.D., Little Rock, AR 


Treatment of Transposition of the Grea: Arteries Using the Senning I Procedure 
A. Gerard Brom, M.D., Leiden, The Netherlands 


Calcific Aortic Stenosis and Ascending Aortic Aneurysm: One-Stage Surgical 


Correction 
Hassan Najafi, M.D., Chicago, IL 


Surgical Repair of Pulmonary Artery Siin 
Chases D. Campbell, M.D., Chicago, IL ij : 

Thoracic Aneurysmectomy Utilizing D:rect Left Ventriculoiliac Shunt 
(TDMAC-Heparin) Bypass 

Gordon F. Murray, M.D., Chapel Hill, NC 


Gastroplasty with Nissen Fundoplication 
R. D. Henderson, M.D., Toronto, Ont, Canada 


Esophagomyotomy for Achalasia of the Esophagus 
F, Henry Ellis, Ir., M.D., Boston, MA 


Origins of Aortic Valve Surgery 
Charles A. Hufnagel, Washington, DC 


January 16, 1979 (Tuesday) 
Morning 


Scientific Session 


Clinical Experience with Lillehei-Kaster Prostheses 
Hans H. J. Zwart, M.D., George Hicks, M.D., Benjamin Schuster, M.D., Milton Nathan, M.D., 
Farouk Tabrah, M.D., Tajuddin Ahmed, M.D., ard Richard A. DeWall, M.D., Kettering, OH 


Aortic Valve Replacement Associated with Aneurysms of the Ascending Aorta 
Robert A. McCready, M.D., and James R. Pluth, M.D., Rochester, MN 


Aortoplasty in Treatment of Coarctation of the Aorta in Babies 
Robert M. Sade, M.D., Ashby B. Taylor, M.D., ard Edd P. Chariker, M.D., Charleston, SC 


Surgical Correction of Pulmonary Vascular Sling: Early and Late Results 
J. M. Dunn, M.D., I. Gordon, M.D., A. R. Chrispin M.D., M. R. de Leval, M.D., and J. Stark, M.D., 


London, England 


Prosthetic Central (Teflon) Aortopulmonary Shunt for Cyanotic Infants Less 


Than 3 Weeks of Age: Results and Long-Term Follow-up 
John J. Lamberti, M.D., Charles Campbell, M.D., Caung-Yuan Lin, M.D., Pipit Chiemmongkoltip, 
M.D., and Rene Arcilla, M.D., Chicago, IL 


Late Right Heart Reconstruction, Pulmonary Valve Replacement, and Tricuspid 


Valve Replacement after Total Correctior. of Tetralogy of Fallot 
D. Craig Miller, M.D., Edward B. Stinson, M.D., Stephen J. Rossiter, M.D., Philip E. Oyer, M.D., 
Bruce A. Reitz, M.D., and Norman E. Shumway, IA.D., Stanford, CA 


Presidential Address 


Harold V. Liddle, M.D. 
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1:30-3:00 
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24. 


23. 


26. 


27. 


28. 


29. 


3:15—4:30 


7:00 


8:30—12:30 
30. 


31. 


32. 


33. 


34. 


Afternoon 
Forum Session 


Circular Myotomy as an Aid to Resection and End-to-End Anastomosis of the 


Esophagus 
Abdulla A. Attum, M.D., John R. Hankins, M.D., Jerome Ngangana, M.D., and Joseph 5. 
McLaughlin, M.D., Baltimore, MD 


Importance of Monitoring Intramyocardial Temperature during Hypothermic 


Myocardial Protection 
Ray C. J. Chiu, M.D., Peter E. Blundell, M.D., Henry J. Scott, M.D., and Steven Cain, M.D., 
Montreal, Que, Canadá 


Late Coronary Bypass Graft Flow: Quantitative Assessment by 
Roentgendensitometry 

Daniel Weisz, M.D., Robert I. Hamby, M.D., Agop Aintablian, M.D., Choudary Voleti, M.D., Rita 
Fogel, R.N., and B. G. Wisoff, M.D., New Hyde Park, NY 

Effect of Therapeutic Dose Irradiation on Left Ventricular Function in Conscious 
Dogs 

K. V. Arom, M.D., V. S. Bishop, M.D., F. L. Grover, M.D., and J. K. Trinkle, M.D., San Antonio, TX 
Prevention of Right Bundle Branch Block during Complete Repair of Tetralogy 
of Fallot 


Yasuhari Imai, M.D., Hiromi Kurosawe, M.D., Masanori Harada, M.D., Tsuyoshi Kawamura, 
M.D., and Juro Wada, M.D., Tokyo, Japan 


Surgical Repair of Dissection of the Upper Descending Thoracic Aorta and 
Discrete Ascending Aortic Aneurysm: Report of 2 Patients 

Grant V. 5. Parr, M.D., and Nicholas T. Kouchoukos, M.D., Birmingham, AL 

Dynamic Behavior of Prosthetic Aortic Tissue Valves as Viewed by High-Speed 


Cinematography 
W. Gerald Rainer, M.D., Robert A. Christopher, M.D., Theodore R. Sadler, Jr., M.D., and Alan D. 
Hilgenberg, M.D., Denver and Boulder, CO 


Business Meeting (members only) 


Evening 
President's Reception and Dinner (buses start departing at 5:30) 


January 17, 1979 (Wednesday) 
Morning 


Scientific Session 


Tumors of the Thymus Gland: Continuing Survey at the Massachusetts General 


Hospital ! 
Earle W. Wilkins, Jr., M.D., and Benjamin Castleman, M.D., Boston, MA 


Nissen Hiatal Hernia Repair: Problems of Recurrence and Continuing 
Symptoms | 
Robert D. Henderson, M.D., Toronto, Ont, Canada 


Esophagomyotomy for Achalasia of the Esophagus 
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SITUATIONS WANTED 


Cardiothoracic and vascular surgeon, 37, married, univer- 
sity trained, ABS and ABTS certified, seeks association with 
group or surgeon actively doing cardiac surgery. Com- 
prehensive experience in adult and pediatric cardiac sur- 
gery and thoracic and vascular surgery. Location flexible. 


Please respond to W-109, The Annals of Thoracic Surgery, 
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ABS-certified thoracic and cardiovascular surgery resident 
finishing training at University of California, Irvine, seeks 
association/partnership with active cardiothoracic group or 
academic appointment. Available July 1978. 


Please respond to W-117, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 33, seeks position in 
private practice. Cardiothoracic residency completed at 
eastern medical center. Currently cardiac fellow at well- 
known midwestern clinic; will finish June 1979. 


Please respond to W-134, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 34, married, ABS and 
ABTS certified, seeks position with group or association 
leading to partnership. Broad experience in cardiovascular 
and general thoracic surgery. Location flexible. Available 
July 1979. 


Please respond to W-136, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Board-certified, university-trained thoracic surgeon, 35, 
seeking to relocate. Two years' experience in private prac- 
tice. Position with active cardiovascular surgery practice 
desired. Available immediately. 


Please respond to W-137, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Cardiovaseular and thoracic surgeon, 32, seeks position 
with cardiothoracic group or association leading to partner- 
ship. University trained in general and vascular surgery at 
well-known Ivy League institution; completing two-year 
Board-cert: fied cardiothoracic residency at major East Coast 
university hospital. No geographic preference. 


Please respond to W-138, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 36, seeks position 
with group or association leading to partnership. ABS and 
ABTS certified; extensive training and experience in all as- 
pects of cardiac, thoracic, and vascular surgery, IABP, and 
postoperatve hemodynamic monitoring. Available De- 
cember 1978; all geographic locations considered. 


Please respond to W-139, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 31, married, ABTS 
eligible, university trained, completing Berry Plan military 
obligation June 1979, seeks association in group practice 
leading to partnership. Broad experience in cardiac, vascu- 
lar, and thoracic surgery. Locale flexible, although prefer 
East or West coast. 


Please respond to W-140, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothozacic and vascular surgeon completing university 
training in July 1979, particularly interested in pediatric ex- 
perience. Well trained in pediatric, adult cardiac, thoracic, 
and vascular surgery. ABS certified, ABTS candidate. Prefer 
Northeast. 


Please respond to W-141, The Annals of Thoracic Surgery, 
C-7079 Unversity Hospital, Ann Arbor, MI 48109. 


Young, hardworking surgeon wishes to change current 
training program in thoracic and cardiovascular surgery for 
personal reasons. Strong references, modest bibliography. 
Willing to work additional period of time as Fellow until 
approved residency position begins. 


Please respond to W-142, The Annals of Thoracic Surgery, 
C-7079 Ur:versity Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, FRCS (England and 
Edinburgh’, 51, seeks academic position, group practice, or 
partnership. Experience in all aspects of cardiovascular, 
pulmonary, and esophageal surgery. Currently Professor 
and Chief at Category I English-language medical school 
overseas, immigrating to U.S. No geographic preference; 
available immediately. 

Please respond to W-143, The Annals of Thoracic Surgery, 
C-7079 Ur:versity Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, Cleveland Clinic 
trained, AETS eligible, National Boards, military obligation 
completed. Extensive experience in cardiovascular, thoracic, 
and vascular surgery, as well as cardiovascular intensive 
care. 


Please respond to W-144, The Annals of Thoracic Surgery, 
C-7079 Ureversity Hospital, Ann Arbor MI 48109. 





Cardiothoracic surgeon, 38, ABTS certified, presently on 
university :aculty, desires relocation with group or associa- 
tion leadirg to partnership. Seeking both cardiac and 
thoracic surgical practice in Northeastern or Southeastern 
U.S. Availability flexible. 


Please respond to W-145, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Assistant desired for hospital-based cardiac surgery service 
in midwestern, metropolitan area. Medical school affilia- 
tion available. ABTS certification preferred, but eligibility 
will be considered. 


Please send curriculum vitae care of The Annals of Tho- 
racic Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 


Board-eligible, young cardiac surgeon wanted to join car- 
diac surgery practice in southern California. 


Please respond to A-75, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in pediatric cardiovascular and thoracic surgery 
available. One-year program beginning July 1, 1979, in- 
cludes emergency newborn surgery as well as elective 
closed and open cardiac procedures. 


Please send curriculum vitae to A-76, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Thoracic and cardiovascular surgeon, Board certified or 


eligible, recently trained, wanted to join group in part-time 
VA and private practice. Excellent research, teaching, and 
clinical opportunities. 


Send curriculum vitae to Joseph S. Carey, M.D., 629 E 
Hardy St, Inglewood, CA 90307; tel: (213) 673-1462. 


Chief of Thoracic and Cardiovascular Surgery wanted to 
serve as director of Wadsworth VA program, Los Angeles, 
and co-director of combined UCLA-VA residency program. 
Must be academically oriented individual skillful in all 
phases of adult cardiac surgery, with proven ability in basic 
research. Academic appointment and salary dependent 
upon experience. 


Please respond to Donald Mulder, M.D., Dept of Surgery, 
UCLA, Los Angeles, CA 90024; tel: (213) 825-0857. 





Thoracic and vascular surgeon, Board certified or eligible, 
wanted by group in southeast Florida. Practice limited to 
thoracic and major arterial surgery with vascular laboratory 
facility. 


Please respond to A-79, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Board-certified thoracic and cardiovascular surgeon wanted 
immediately as associate in South Central Midwestern 
practice limited to general thoracic and major arterial vas- 
cular surgery. Prefer native of South Central Midwest 
trained in same area. Salary negotiable. 


Please respond to A-80, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular surgeon with well-developed clinical skills 
and demonstrated competence in laboratory and clinical in- 
vestigation wanted. Prefer background and interest in de- 
velopment and evaluation of assisted circulation methods. 


Send curriculum vitae to A-81, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 
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IMAGINE THAT! A LIFETIME 
PACEMAKER REPLACEMENT 


GUARANTEE. FOR THE LIFE OF THE 
PATIENT, NOT THE PACEMAKER. 


That's the promise of Medtronic’s Pacing 
for Life Warranty, the standard warranty 
coverage on our Medtronic Mirel™-VL? 
Xyrel®-VL (our standard lithium pacemakers) 
and Xyrel®-VP (our programmable lithium 
pacemaker). 

Of course, not all patients will benefit from 
this warranty program because of the 
potential longevity of lithium power source 
pacemakers and the advanced age of 
many pacemaker patients. 

Nevertheless, for the many who could 
benefit from it... it's here as standard equip- 
ment. From Medtronic. 

For further information on the pacemakers 
covered by the Pacing for Life™ program, 
contact your Medtronic representative, or 
write or call Medtronic directly at 3055 Old 
Highway Eight, Minneapolis, Minnesota 
90448. (612) 574-4000. 
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Helping You Help 
The Pacemaker Patient 


* Pacing for Life Waranty ™ will apply to the Mirel™VL pacemaker 
when it is available 


Pacing for Life™ Xyrel* Mirel™ and Medtronic® are trademarks of 
Medtronic. Inc., Minneapolis, Minnesota USA. See disclosure state- 
ment on following page 

This program is available in the United States of America only 





MEDTRONIC® 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality forthe 
control of heart rate. The patients age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the heart via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddles are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimately cease to function, 
and may fail at any time due to random com- 
ponent or battery failures which cannot be 
predicted prior to failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator/lead 
through skin, transvenous lead-related throm- 
bosis, embolism and cardiac tamponade. 


A Medtronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 


intermedics Pacing Leads 


PRECAUTIONS 


An implanted pacing lead is a direct path 

to the myocardium for electrical current. 
Extreme caution must therefore be exercised 
in the use of electrical equipment during the 
operative procedure. Only battery-operated 
instruments and pulse generators should be 
used with pacing leads, since the possibility 
of current leakage in ac-powered devices 
greatly increases the danger of fibrillation. 
Proper grouding of all ac-powered equip- 
ment in the vicinity of the patient is also 
essential. 


Temporary loss of sensing or capture or both 
may occur following implant surgery until fix- 
ation of the lead takes place. The physician 
should also be advised concerning the 
following possible complications: 


æ Elevation of stimulation thresholds over 
time can produce loss of capture. 


a The occurrence of infection may indicate 
the need for surgical removal of the lead. 


æ Fibrillation can result from irritability of the 
myocardium at the time of implant. 


a Intermittent or continuous loss of sensing 
and/or capture may be caused by lead 
displacement, fracture, or perforation of 
the myocardium. Myocardial perforation 
may also produce muscle or nerve stimu- 
lation in proximate areas. 


& Transvenous introduction of the lead can 
cause air embolism. 


This list is notintended to be complete, and 
other complications are possible. 
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lntermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Toll Free Phone: 1 (800) 231-2330 
(713) 233-8611 
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We have a reputation as a leader in the industry. 
Intermedics is one of the few companies to offer a 
variety in lead tip configurations, as well as stylets 
color coded by relative flexibility. 

In keeping with our hard earned reputation, 
Intermedics has taken another step forward in pro- 
viding a choice in lead selection. LifeLine™ leads are 
manufactured in both firm and flexible configura- 
tions to meet the individual needs of the physician. 
Regardless of the flexibility of the style you prefer, the 
remarkably small diameter and closed coil construc- 
tion contribute to ease of insertion and long term 
patient comfort. 

..ant a good tip on Pacemaker Leads? 

We have four at Intermedics—unipolar spherical, 
unipolar cylindrical, unipolar blunt-tip and bipolar 
blunt-tip configurations. 

A bonded silicone rubber flange at the base of each 
tip reduces the chances of dislodgement, and the pre- 





Pacing Leads. 


cise geometric design tends to minimize the risk of 
perforation. Leads are available in a standard length 
of 60 cm (and on special order from 40 cm to 85 cm), 
and all materials used have been tested and proven 
for performance and compatibility, ensuring a 
pacemaker lead of the highest quality. This quality as- 
surance is a reflection of our philosophy in manufac- 
turing pacemakers...and one of the many reasons we 
have a reputation as an industry leader. If you are 
interested in finding out about more of these 
reasons, contact your Intermedics representative. 


"LifeLine is a trademark of Intermedics, Inc., Freeport, Texas 


m 
x- Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Phone (713) 233-8611 Toll Free: 1 (800) 231-2330 


Our business is life. 


© 1978 Intermedics, Inc. 





This is the Bentley Spiraflo BOS-10 
Disposable Oxygenator..a signifi- 
cant breakthrough in oxygenating 
system technology. A unique design 
which combines exceptional per- 
formance, simplicity, safety and 
convenience. 


UNIDIRECTIONAL FLOW The 
Spiraflo BOS-10 is the first true 
“unidirectional flow” bubble oxy- 
genator where the blood and gas 
flow is one direction only -from top 
to bottom - completely eliminating 
all vertical resistance to the venous 
return. 


EFFICIENT HEAT EXCHANGE The 
venous side heat exchanger con- 
sists of a continuous, single coil of 
convoluted tubular metal, circularly 
wrapped between inner and outer 
plastic housings, with water flow 
running counter-current to blood 
flow for optimum heat exchange. 


LOWEST DYNAMIC PRIMING 
VOLUME The system's unidirec- 
tional flow, heat exchanger con- 
figuration and reservoir design 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue : Irvine, California 92714 
Phone: (714) 546-8020 - Telex 685503 





combine to provide the lowest 
dynamic priming volume available. 
The BOS-10 also allows for a shorter 
venous and cardiotomy return line. 


LARGE ARTERIAL RESERVOIR 
The Spiraflo BOS-10 Oxygenator 
will function with up to 3 liters of 
blood in the reservoir. This injection- 
molded housing of clear polycar- 
bonate is totally seamless. 


In addition to these patient-oriented 
benefits, the Spiraflo BOS-10 con- 
tains a separate initial blood/gas 
mixing chamber. This chamber 
provides a uniform mixture of 
blood and gas bubbles to the gentle 
mixing heat exchanger section. 
This minimizes blood trauma and 
provides adequate oxygenation 
with a gas to blood flow ratio of 
approximately 3/4:1 at normal 
venous blood oxygen saturations. 


Take a closer look at the BOS-10... 
ask your Bentley representative to 
show you a BOS-10 and its many 
other features that add up to the 
ideal oxygenating system. 


Take a Close Look 
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BENTLEY LABORATORIES, EUROPE 
Postbus 169 - Energielaan 3 - Uden, Holland 
Phone: 04132-66995 : Telex 50117 NL 








space Age Microbicidal Power 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis —BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence cf blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 
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This is the Bentley Spiraflo BOS-10 
Disposable Oxygenator..a signifi- 
cant breakthrough in oxygenating 
system technology. A unique design 
which combines exceptional per- 
formance, simplicity, safety and 
convenience. 


UNIDIRECTIONAL FLOW The 
Spiraflo BOS-10 is the first true 
“unidirectional flow” bubble oxy- 
genator where the blood and gas 
flow is one direction only -from top 
to bottom - completely eliminating 
all vertical resistance to the venous 
return. 


EFFICIENT HEAT EXCHANGE The 
venous side heat exchanger con- 
sists of a continuous, single coil of 
convoluted tubular metal, circularly 
wrapped between inner and outer 
plastic housings, with water flow 
running counter-current to blood 
flow for optimum heat exchange. 


LOWEST DYNAMIC PRIMING 
VOLUME The system's unidirec- 
tional flow, heat exchanger con- 
figuration and reservoir design 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue : Irvine, California 92714 


Phone: (714) 546-8020 - Telex 685503 


combine to provide the lowest 
dynamic priming volume available. 
The BOS-10 also allows for a shorter 
venous and cardiotomy return line. 


LARGE ARTERIAL RESERVOIR 
The Spiraflo BOS-10 Oxygenator 
will function with up to 3 liters of 
blood in the reservoir. This injection- 
molded housing of clear polycar- 
bonate is totally seamless. 


In addition to these patient-oriented 
benefits, the Spiraflo BOS-10 con- 
tains a separate initial blood/gas 
mixing chamber. This chamber 
provides a uniform mixture of 
blood and gas bubbles to the gentle 
mixing heat exchanger section. 
This minimizes blood trauma and 
provides adequate oxygenation 
with a gas to blood flow ratio of 
approximately 3/4:1 at normal 
venous blood oxygen saturations. 


Take a closer look at the BOS-10... 
ask your Bentley representative to 
show you a BOS-10 and its many 
other features that add up to the 
ideal | T oxygenating system. 
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Several years ago, we introduced the Datascope 
stem 80 Intra-Aortic Balloon Pump. Since that 

1e it has proven itself to be the most reliable system 
the world. 

We just improved on it. With the new Datascope 
stem 82. 

The System 82 is dramatically simpler to 

derstand and to operate. Setting two prominent 

le controls is essentially all that is needed for 

per adjustment. 

To test its simplicity, we gave it to nurses who had 
ver seen it before. With no instruction whatsoever, 
'y were able to understand and adjust each control. 
The System 82 is 50% quieter than its predecessor. 
[t utilizes a revolutionary Electrosurgical 
erference Suppression Module, ESIS. In most 
ies, this device virtually eliminates RF 

erference due to electrocautery. Which means a 
re reliable triggering signal. 

We've also improved the monitor itself. We made 
ion-fade. Which gives it a clearer, more effective 
play. So you not only get a better display of patient 
ta, but also of system control signals. 

But we didn't change everything. We've kept 

iny of the things that made our System 80 so 
:cessful. 

We haven't changed the unique Datascope 


*U.S. Patent Number 3,692,018 
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Dual-Chamber Balloon.* In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional! reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responcing to an immediate 
service need within hours aad capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 


**U.S. Patent Number 4,080,958 
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VASCULAR TOURNIQUET KIT 


The new Argyle Vascular Tourniquet Kit 
is simple, safe and complete. It elimi- 
nates the clutter of clamps during can- 
nulation of blood vessels. Tension can be 
quickly applied or released.When the re- 
taining plug is set, there's no danger of 
slippage. The croppable sheath can be 
readily cut to minimum length required, 
further reducing operative field clutter. 
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Each sterile Kit contains 2 each of a 
5-inch plastic sheath with a slotted-top 
retainer plug, tourniquet tape, anda 
plastic obturator for drawing the tape or 
suture material through the sheath. 


For more information about this new, 
secure and simple-to-use Vascular 
Tourniquet Kit, contact your Argyle rep- 
resentative or write directly to Dept.A.K. 


A BRUNSWICK COMPANY 
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For 110 years the name AESCULAP" 
has been synonymous with innovation 
and superb craftsmanship of surgical 
instruments. As the world’s largest 
and most prestigious instrument manu- 
facturer, we are now pleased to serve 
you here directly under our own name. 


A word about AESCULAP INOX, it 
denotes a special hardening process 
and makes a world of difference. 
Tougher instruments. Smoother 
surfaces. And longer-lasting 
instruments. 


AESCULAP designs and manu- 
factures all of its own instruments. 
That assures you of consistent 
quality, time after time. 
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San Francisco: 807 Grandview Dr., So. San Francisco, CA 94080 * Telephone: (415) 952-3700 
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MANDOL!v 


€efamandole Nofate 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections. including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae). Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus ( penicillinase and non- 
penicillinase-producing). beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli. Proteus species (both 
indole-negative and indole-positive). Enterobacter species. Klebsiella 
species. group D streptococci (Note: Most enterococci. e g. 5. faecalis. 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S aureus(penicillinase and non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci). H. influenzae. and Klebsiella species 

Skin and skin-structure infections caused by S. aureus ( penicilinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae. E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro: however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become availab!e, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
Sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified. Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given. depending ontheseverity of theinfection andthe patient s 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mandols contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SEHIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

in newborn infants. accumulation of other cephaltosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended. especially in seriously il patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy. appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest* tablets but not with Tes-Tape* (Glucose 
Enzymatic Test Strip. USP. Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests. 

Usage in Pregnancy ~ Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy— Mandol has been effectively used in this age group, but 
all laboratory parameters have not been extensively stud:ed in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity - Macutopapular rash, urticaria, eosino- 
philia. and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy. particularly to penicillin. 

Blood — Neutropenia and thrombocytopenia have been reported rarely. 


Some individuals have developed positive direct Coombs tests during treat- 
ment with the-cephalosporin antibiotics. 

Liver -- Transient rise in SGOT, SGPT. and alkaline phosphatase levels has 
been noted. 

Kidney-- Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins. transitory 
elevations of BUN have occasionally been observed with Mandol: their fre- 
quency increases in patients over 50 years of age. In some of these cases. 
there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phiebitis occurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole :s 500 mg to t gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 mg every six hours is adequate. 

in uncompékcated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1gm 
every eight hours may be needed. 

In severe infections. 1-gm doses may be given at four to six-hour intervals. 

Inlife-threatening infections or infections due toless susceptible organisms, 
doses up to 2 gm every four hours (i.e.. 12 gm per day) may be needed. 

Infants ana Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible toMandol.This may be increased to a total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose} for severe infections. (See Warnings 
and Precautions for this age group.) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptomat:c or after evidence of bacterial eradication has been obtained: a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-nemolytic streptococci in order to guard against the risk of rheu- 
matic fever or glomerulonephritis; frequent bactenologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required tar several months after therapy has been completed: persistent 
infections may require treatment for several weeks; and doses smaller than 
those indicated above should not be used. 

Impaired Renal Function —When renal function is impaired, a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of ito 2gm (depending on the severity of infection], a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection, and 
susceptibility of the causative organism. 
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When only serum creatinine is available, the following formula (based on 
sex. weight, and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function. 

Weight (kg) x (146 — age) 

72 x serum creatinine 

0.9 x above value 


Males: 
Females: 


How Supplied: Vials Mandol* (cefamandole nafate, Lilly), for Injection, 500 mg 
and 1 gm (equivalent to cefamandole activity), 10-ml size, in packages of 1 and 
Traypaks'^ ( multivial cartons, Lilly) of 25; 2 gm (equivalent to cefamandole 
activity). 20-ml size. in packages of 1 and Traypaks of 10; 1 and 2 gm (equiva- 
lent to cefamandole activity). 100-ml size. in Traypaks of 10. 


Lilly 


BOSS 


[101378] 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis. Indiana 46206 


^... Should be in the hands of all members of house staffs, 
medical as well as surgical, who are involved in the care of 
cardiac surgical patients: i 
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Patient Care in Cardiac Surgery 
Second Edition 

By Douglas M. Behrendt, M.D., University of Michigan 

Medical School, Ann Arbor; and W. Gerald Austen, M.D., 

Harvard Medical School, Boston 





Praise such as the comment above greeted publica- 

tion of the first edition of Patient Care in Cardiac. Sur- 

gery. The second edition continues this tradition of n 
excellence by offering practical guidelines on the most on ( 

efficient methods of caring for patients undergoing E patient ar C l 
heart surgery—before, during, and after their opera- aa 


tions. Thoroughly updated and revised for this edition, > é S r y 
oroughly updated cme ardiac urge 


the text includes the latest information on coronary SECOND oY 


artery disease and surgery, new material on the care Se. D 
of infants undergoing cardiac surgery, new methods of = jee Douglas M. Behrendt, gura 
respiratory therapy, and drug therapy of low cardiac D et W Gerald Austen, 





output. Detailed checklists, work sheets, charts of 
commonly used drugs and their dosages, and exam- 
ples of doctors’ order sheets make this pocket-sized 
book a practial and easy-to-use source of key infor- 
mation for those “on the firing line.” The authors have 
also added many new illustrations to this edition and 
completely updated the references. 


179 pages, illustrated, spiral bound, #087580, $9.95 
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Your confidence in Intermedics is 
as important to us as your patient's 
confidence is to you. That's why 
we want you to know about the 
InterLith'", chosen around the 
world as one of the most reliable 
pacemakers available. 
Intermedics supports the out- 
standing reliability of the InterLith, 
and will allow a replacement 
on model 223 generators *which 
fail for any reason during the life- 
time of the original user. 


Extensive use has confirmed the 
outstanding performance and re- 
liability of the InterLith. In addition 
to its proven reliability, the InterLith 
has significant features which 
make it an especially fine choice 
asareplacement pacemaker, one 
deserving of your confidence. 
Confidence begins with 
extraordinary design features. 
A tungsten inert gas (TIG) welding 
technique is used to hermetically 
seal the InterLith in a 316L stain- 
less steel enclosure that prevents 
moisture leakage. A specially de- 
signed polycrystalline ceramic 
feedthrough seal, utilizing a 
99.9996 pure platinum conductor, 
makes the electrical connection to 
the pulse generator. The high col- 
lar design of the feedthrough 
minimizes fluid leakage in the 
harsh environment of the human 
body. 

In addition, the InterLith is one of 
the smallest, lightest pacemakers 
on the market. Its corners are gently 
rounded, much as the contours of 
the patient's own body, minimizing 
the risk of pressure necrosis. The 
unipolar model weighs only 75 
grams and measures 6.0 cm by 4.6 
cm by 1.5 cm, enabling a smaller 
incision and a more cosmetic 
pocket for greatest patient comfort. 


"The Patient Lifetime Replacement Agree- 
ment is limited to the standard model #223-01 
and model #224-01 pulse generators and 
does not include the 223-02 (High Output) 

or the 223-04 (Telemetry) or the 223A (Wide 
Pulse Width) pulse generators. Consult the 
physician's handbook for these 'special" 
pacemakers for their specific patient re- 
placement agreements. 


Confidence increases with 
superior performance. 
Sophisticated state-of-the-art 
technology in pacemaker elec- 
tronics gives the InterLith an out- 
standing theoretical longevity in ex- 
cess of 14 years. The InterLith’s 
overall failure rate of less than 0.003 
is attributable to the outstanding 
longevity of its lithium-iodine 
power cell, a battery without a 
single failure reported in 170,000 
battery units manufactured. The 
power source, combined with the 
proven reliability of CMOS circuitry 
provides superior performance at 
the lowest possible power 
consumption. 

Quality control ensures 
confidence. 

Every component utilized in the 
InterLith is selected and tested to 
meet the same standards as in the 
most exacting aerospace and mili- 
tary applications. Every step of the 
manufacturing process at Inter- 
medics is subject to rigid quality 
assurance procedures in our 
complete environmental testing 
laboratory, because at Inter- 
medics we believe only the high- 
est quality products can merit your 
confidence. Some of the high re- 
liability screening steps that our 
pacemakers receive in manufac- 
turing are: 

1. Twenty-four hour dynamic 
temperature cycling from —30? to 
+80°C. 

2. Vibration testing at .1" dis- 
placement and 10 g's from 20 HZ 
to 2 KHZ. 

3. Strip chartrate recording from 
room temperature to 60°C. 

4. Hermetic seal testing to 4 x 
10 8atm. cc/sec. 
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The InterLith has been designed 
and built to merit your confidence. 


So, the next time one of your pa- 
tients requires pacing therapy why 
not select the InterLith. Where relia- 
bility counts, there’s no better 
choice. 


xv- Intermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 





Our business is life. 


INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac pulse 
generators may be indicated for long-term treatment of 
impulse formation and conduction disorders resulting 
in symptomatic bradyarrhythmias, tachyarrhythmias, 
and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite 
and relatively widely variable service life as a result of 
factors such as the initial capacity of the battery and 
the shelf storage time of the manufactured pacemaker. 
variations in electrode system resistances, stimulation 
rate, and the percentage of time the implanted 
pacemaker is inhibited; and random electronic com- 
ponent failures. 

Pacemaker operation can be influenced by electric, 
magnetic, or electromagnetic energy mimicking nor- 
mal cardiac activity. In addition, certain environmental 
sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, 
diathermy should not be used on pacemaker patients 
because of possible total inhibition of the pulse 
generator; electrocautery can inhibit and/or damage 
the pacemaker as well as cause burns or possible ven- 
tricular fibrillation; defibrillation can damage the 
pacemaker, and the presence of the pacemaker may 
Cause increased cardiac muscle damage from defibril- 
lation. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted 
Cardiac pacemaker system. 

For complete precautions, see the Physician's 
Manual for the Intermedics cardiac pulse generator 
tobe used. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the use of 
pacemakers as a medical method for control of heart 
rate. Body rejection phenomena, local tissue reaction 
or skin necrosis, muscle and nerve stimulation, em- 
bolism, and cardiac tamponade have been.reported. 


InterLith is a trademark 
of Intermedics, Inc., Freeport, Texas 


©1978 Intermedics, Inc., Freeport, Texas 77541 


5 An Endọcardial Tined 
Ventricular Lead. 

The Medtronic” 6950 and 6951 unipolar and bipolar tined 
leads feature four integral silicone rubber tines that 
protrude from the lead body just proximal to the tip 

electrode. These tines were designed to provide better 
acute lead stability and reduce chronic lead 
dislodgement by latching onto the papillary musculature 
or the trabeculae of the right ventricle. The large 
surface area provided by the tines should also enhance 
the stability afforded by fibrosis. 


A Small, Durable 
Endocardial Tined Lead. 


The newest members of the Tenax ™ family of 
self-enchoring leads — the 6961 and 6962 unipolar and 
bipolar leads — feature shorter, smaller tines and 
small tip diameter (8 French; approximately 10 French 
with tines folded) enabling the physician to use the 
more common cephalic approach. Though small, the soft, 
pliaole tines are still long enough to become securely 
anchored in one or more of the spaces 

formed by the trabeculae ofthe right ventricular 
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For further information on the Medtronic Tenax " 
lead family, contact your Medtronic, Ino. 
representative or write for a complete 
technical brochure. 


Medtronic, Inc. 
5055 Old Highway Eight, PO. Box 1453 
Minneapolis, Minnesota 55440 
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Codman 


And one more name: 
Classic. It's on these newly 
designed instruments 
because they have joined 
our line of 130 highest 
quality vascular clamps. 
Like the others, they are 
individually tested to assure 
you that they will live up 
to the standards of all 
Classic* Instruments. 


And like the others, they 
are waiting and ready for 
immediate shipment to you. 
Call us. We'll send you the 
complete catalog. Codman, 
Randolph, Mass. 02368. 
800-225-0462. 


©1978 Codman & Shurtleff, Inc. * Trademark 


EDITORIALS 


Aspects of Myocardial Protection 


Paul A. Ebert, M.D. 


The attention paid to myocardial protection is 
clearly improving overall operative results and 
appears to be providing patients with better 
cardiac performance after open-heart surgery. 
Three articles in this issue deal with different 
aspects of myocardial protection, and certain 
observations can be made. 

The research work of Scott and associates (p 
507) emphasizes that there are limits to myo- 
cardial protection and that, as one approaches 
the safe limits, individual variations in cardiac 
reserve make it difficult to predict what can be 
anticipated from any technique of protection. 
One of the difficulties in evaluating myocardial 
protection and the benefits or disadvantages of 
chemical cardioplegia is the inconsistent role 
that temperature has been given in many meth- 
ods and studies. For instance, in the work by 
ocott's group, hearts and solutions were main- 
tained at 30*C, which in itself provides a degree 
of myocardial protection; but that protocol can- 
not clearly demonstrate whether potassium 
supplements or further temperature reduction 
alone led to the improved results. Yet it is clear 
that the benefit was greater when potassium 
was added to the solutions than when simple 
aortic cross-clamping at a similar temperature 
was used. 

The work of Lolley and associates (p 515) 
clearly shows that when one pays more atten- 
tion to myocardial protection, one is able to re- 
duce both the incidence of perioperative in- 
farction and the degree of myocardial insult 
that occurs. Here again, one has to question 
whether exogenous anaerobic substrate en- 
hancement is the benefit or whether con- 
tinuous ccld perfusion with solution at 4°C 
achieves better overall myocardial protection. 
It would seem that the difference in groups in 
this study was also a result of temperature 
differential as well as substrate provision. Al- 
though continuous perfusion that produces 
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an anaerobic substrate, coronary washout; 
and elution of lactic acidosis is important, the 
concept of uniform global hypothermia and 
maintenance of low temperature during aortic 
cross-clamping may be the most important as- 
pect of these results. 

Different techniques of myocardial protection 
are evaluated by Behrendt and associates (p 
499), who compared the use of cold cardioplegic 
solution versus the technique of intermittent 
cross-clamping at 28°C. In other groups, con- 
tinuous coronary perfusion with and without 
the heart beating has not appeared to give sig- 
nificantly different results. In the assessment by 
Behrendt's group it is clear that patients who 
received injections of cold cardioplegic solution 
into the aortic root had less change in their 
maximum contractile element velocity after 
the aorta was unclamped compared with the 
intermittent cross-clamp group. 
^ Thus, although many newer solutions and 
techniques are being proposed, certain facts 
seem to be emerging as fairly constant. The 
concentration of potassium or other metabolic 
components of the cardioplegia solution ap- 
pears to be less important than proper applica- 
tion of techniques and correct maintenance of 
hypothermia. It seems clear that the main role 
of potassium is to stop the heart rapidly before 
its metabolic stores are depleted; that of 
hypothermia is to maintain the heart with very 
low energy requirements during anoxia. 

From our own experience, it seems that as 
long as the potassium concentration of the so- 
lution is less than 40 mEq per liter, the likeli- 
hood that the potassium concentration per se 
will produce any myocardial damage is small. 
In fact, raising the potassium concentration 
above 25 mEq per liter does not stop the heart 
more quickly. It is unclear whether continued 
perfusion with potassium is supplementary or 
not, but if cardiac electrical activity returns, 
then additional potassium perfusion is proba- 
bly beneficial. 

The longer the heart is anoxic before a car- 
dioplegic solution is introduced, the more the 
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myocardial metabolic storehouse is depleted. 
Thus, hypothermia applied at this time may be 
effective in lowering temperature, but it may be 
reducing metabolic requirements in myocar- 
dium already depleted of energy substrate. 
Therefore the techniques applied during the 
operation are of importance in cardioplegia. I 
consider it extremely important to administer 
the cardioplegic solution as soon after aortic 
cross-clamping as possible. Thus, the heart is 
arrested very quickly with the cold potassium 
solution, and is not allowed to beat without 
coronary perfusion and thus deplete its meta- 
bolic reserves. The epicardial temperature ob- 
tained with either surface or perfusion cooling 
may vary little. However, differential temper- 
ature measurements across the myocardium 
clearly show that the advantage of perfusing the 
coronary arteries with a cold solution is that a 
more rapid and even distribution of cooling 
across all layers of the myocardium is achieved. 
Once the heart has been cooled by perfusion 
techniques, application of cold to its surface 
frequently helps to maintain myocardial tem- 
perature and will keep the heart at the same 
level through all layers. However, when surface 
cooling alone is used, the endocardium under- 
goes considerable metabolic depletion before 
total arrest is achieved. Monitoring myocardial 
temperature with a small probe placed through 
the wall into the septum is of value, and one 
finds that the myocardial temperature can be 
maintained at 20° to 22°C. Sometimes differen- 
tial cooling of the heart—meaning that the 
atrium is warmer than the ventricle—is accom- 
plished, so that atrial activity is resumed even 
though ventricular septal temperature is low. 
Ihis obviously indicates metabolic activity of 
both conduction and myocardial tissue in the 
atrium, and additional cold potassium solution 
should be applied to reduce atrial activity. 
Myocardial temperature monitoring is of value, 
but when electrical activity resumes, one must 
assume that areas of the myocardium not being 


monitored are warming; thus, it is necessary to 
reinfuse the cold cardioplegic solution both to 
stop electrical activity and to reduce metabolic 
rate. 

Another point emphasized in the article by 
Behrenc: and associates, which previously ap- 
peared in the literature and should be reiterated 
here, is -hat the heart seems to tolerate one pe- 
riod of zardiac arrest with hypothermia better 
than intermittent periods of aortic occlusion 
even if :he total duration of single arrest ex- 
ceeds the summation of the periods of inter- 
mittent arrest. Thus, the findings that rein- 
fusion of blood to the dilated, "possibly 
unprotected," vascular beds causes injury 
and thaf three or four such insults are more 
detrimez:tal than a single one after a pro- 
longed period of arrest seem to be emerging 
as facts. 

Contirued interest and work in cardioplegia 
will certzinly improve the results of cardiac sur- 
gery and leave more patients with better post- 
operative myocardial performance than in the 
past. It iz presently unclear what the safe period 
of myoczrdial protection during cardiac arrest 
actually 2s and where the safety point ends for 
each inc vidual heart. The large number of so- 
lutions znd components recommended need to 
be separately evaluated since many are proba- 
bly closer to personal preferences than estab- 
lished entities. Cold blood may still prove to be 
an excellent solution and to accomplish as much 
protection as many of the specialized solutions. 
It may be, though, that none of these measures 
is as important as the techniques of their appli- 
cation, and thus the safe period of arrest proba- 
bly variss with each surgeon. However, the 
principles of stopping the heart rapidly before 
anoxia occurs, reducing the temperature by 
perfusio- cooling with solutions in the range of 
4? to 10°C, and maintaining cardiac temperature 
in the range of 20° to 23°C during arrest appear 
to be vatid and of more importance than the 
specific -5nic concentration of the perfusate. 


Left Ventricular Venting 


during Coronary uam Operation 


H. Newland Oldham, Jr., M 


The data presented by Drs. Olinger and Bon- 
chek in their paper describing the "protective 
effects" of left ventricular venting (this issue, p 
525) should provide considerable support and 
comfort to those surgeons who routinely vent. 
To those who never vent, the article may cause 
some concern and raise some questions; and to 
those who selectively vent, it will no doubt 
be frustrating. Nevertheless, as surgical tech- 
niques evolve and improve, it seems appro- 
priate that we periodically reexamine the rela- 
tive benefits and risks of venting. Four years 
ago in The Annals, this topic was discussed in a 
report by Dr. Zwart and co-workers [2] com- 
bined with an editorial by Dr. Buckberg [1]. 
Although the study could not confirm benefi- 
cial effects of left ventricular venting, the edito- 
rial contained theoretical reasons for venting 
that were persuasive. The present paper pro- 
vides data that are interpreted in support of 
these beneficial and even protective effects of 
venting. | 

The presentation of Drs. Olinger and Bon- 
chek is strengthened by several important fac- 
tors. Their data are derived from operative 
measurements rather than animal experiments. 
The conclusions are based on subclinical 
changes, changes not detectable by "impres- 
sions" or "experience." The changes measured 
are described in terms of ventricular function 
curves, with each patient serving as his own 
control. From these data it is concluded that left 
ventricular venting prevents depression of 
myocardial function in patients undergoing 
coronary bypass operation. 

Certain points of experimental design, data 
analysis, and interpretation will concern the 
critical reader. Two surgeons operating in two 
different hospitals and using different anes- 
thesiologists with differing methods provide 
results obtained from nonrandomized, nonal- 
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ternated patients, with the final conclusions de- 
rived from 20 of the initial 31 patients. Quan- 
titative assessment of ventricular function is 
analyzed by comparing stroke work values at 
equal points of systemic vascular resistance, a 
concept introduced by the authors. This 
method of normalizing afterload is an interest- 
ing concept, but its necessity or helpfulness has 
not been proved. The depression of stroke work 
index calculated by this method in the patients 
who were not vented achieves statistical sig- 
nificance. The numbers, however, are small, a 
complete tabulation of the data used in the cal- 
culations is not provided, and the depressed 
value of stroke work would be considered 
within the range of normal values by many sur- 
geons. In spite of these and possibly other 
items of concern, this study is unique; no simi- 
lar evaluation of ventricular function changes 
with and without venting exists in the litera- 
ture. i 

Perhaps the most interesting and stimulating 
results of the study are the questions it does not 
answer. If venting does protect against myocar- 
dial depression, what is the mechanism, and 
when is it most beneficial? It seems reasonable 
that left atrial pressures during the period of 
cardiopulmonary bypass would have been 
higher in the group not vented, but these re- 
sults are not presented. It would be helpful to 
know whether the most critical time for venting 
is during the period of aortic occlusion or dur- 
ing the period of coronary perfusion since the 
theoretical protective benefits differ during 
these two portions of the operation. If the pol- 
icy of selective venting is adopted, what is the 
most important criterion to assess the need for 
venting? Again, left atrial pressure data might 
have answered this question. Finally, the article 
by Zwart and associates dealt primarily with 
venting the fibrillated heart, and the present 
article relates to venting with intermittent pe- 
riods of ischemic arrest. Neither of these tech- 
niques is currently as popular as the use of 
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various types of cardioplegia. Do the conclu- 
sions of this report apply to operations utilizing 
a single period of aortic cross-clamping with 
chemical cardioplegia, hypothermic cardio- 
plegia, or both? It would be interesting and 
helpful if future reports were to address these 
questions. 

The practical application of this information 
is suggestive, but not conclusive, of left ven- 
tricular venting being not only helpful but also 
protective in coronary artery procedures. All 
would agree with the principle that left ven- 
tricular distention is deleterious, but not all 
would agree with the routine need for venting. 
The options and techniques of venting are 
many, and each experienced surgeon has de- 
veloped a method providing safe, effective 
ventricular decompression. Appropriate infor- 
mation for deciding when to use ventricular de- 
compression is not presented. Monitoring left 
atrial or pulmonary artery pressure should be 
beneficial in patients who are not vented. It 


should also help document the efficacy of vent- 
ing. I cannot disagree with the challenge pre- 
sented by Drs. Olinger and Bonchek that sur- 
geons who do not vent should be aware of 
subclinical depression of ventricular function, 
especially in patients with preoperative depres- 
sion of ventricular function. It is less clear that 
these conclusions have universal application to 
the maiority of patients with coronary artery 
disease and relatively normal preoperative 
ventricular function. It is to be hoped that ad- 
ditional studies will be available soon to com- 
pare w:th, and possibly validate, the conclu- 
sions presented in this article. 
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ORIGINAL ARTICLES 


Effects of Cardioplegic Solution 
on Human Contractile Element Velocity 


Douglas M. Behrendt, M.D., Marvin M. Kirsh, M.D., 
Kenneth E. Jochim, Ph.D., and Herbert Sloan, M.D. 


ABSTRACT A technique for the 


maximum contractile element velocity (Vpm) of the 


measuring 


myocardium was developed, verified, and employed 
in patients to allow accurate intraoperative assess- 
ment of the adequacy of myocardial protection. Four 
groups of patients were studied. Ten patients had 
coronary artery bypass grafts (CABG) with cardio- 
plegia; 13 had CABG with coronary perfusion, ven- 
tricular fibrillation at 28°C, and aortic clamping for 
distal anastamoses; 6 had aortic valve replacement 
(AVR) with cardioplegia; and 7 had AVR with coro- 
nary perfusion to the beating heart. For cardioplegia, 
a solution of 5% dextrose in 0.2% saline at 4°C with 
25 mEq of potassium chloride and 12.5 gm of man- 
nitol was infused initially, followed by 500 ml every 
30 minutes. 

Clinically all patients did well, and there were no 
deaths. Patients having CABG with intermittent 
coronary perfusion during ventricular fibrillation 


had significant (p < 0.01) depression of Vpm from - 
38.3 to 30.8 sec”? while Vpm in patients having CABG - 


with cardioplegia was unchanged. Patients having 
AVR with continuous coronary perfusion or with 
cardioplegia (average anoxia time, 70.4 minutes) had 
no significant change in Vpm. 

We conclude that this cardioplegic solution pro- 
vided adequate protection of myocardial function for 
up to 105 minutes of continuous aortic clamping in 
humans. The depression in Vpm observed following 
CABG with intermittent coronary perfusion is con- 
sistent with previous suggestions that this combina- 
tion is detrimental because of maldistribution of 
coronary blood flow during ventricular fibrillation. 


One of the most fundamental problems in car- 
diac surgery is how best to protect the myocar- 
dium during open-heart procedures, especially 
when these involve aortic cross-clamping. 
From the Department of Surgery, Section of Thoracic Sur- 
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Presented at the Fourteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 23-25, 1978, Orlando, FL. 


Address reprint requests to Dr. Behrendt, University Hos- 
pital, C7079 Outpatient Building, Ann Arbor, MI 48109. 


There are many opinions on this subject but 
few answers, and the literature is replete with 
techniques said to protect the myocardium, in- 
cluding coronary perfusion with or without 
ventricular fibrillation, hypothermia, and car- 
dioplegic solutions. 

One reason for this confusion is the difficulty 
of precisely assessing the effects of any par- 
ticular technique on myocardial function. The 
performance of the heart depends upon four 
factors: preload, afterload, heart rate, and the 
contractile state of the myocardium. It is con- 
tractility itself that must be evaluated if the effi- 
cacy of a proposed technique of "myocardial 
protection" is to be assessed. Unfortunately, 
the indices of cardiac function commonly used, 
such as cardiac output, ejection fraction, stroke 
work, and maximum rate of rise of left ven- 
tricular pressure (dP/dt) are influenced by all of 
the above factors to a greater or lesser extent, 
and it is impossible to analyze contractile state 
specifically without controlling the other three. 
Particularly in clinical situations, controlling 
heart rate, preload, and afterload simultane- 
ously so that contractility may be assessed is 
very difficult, and the necessary measurements 
are tedious. 

In the course of our investigations into the 
effects of ischemia on myocardial function, we 
have found that the measurement of contractile 
element velocity (V,,,) offers a tool for assessing 
contractility that can be utilized easily in clini- 
cal settings. In the present study we used it to 
assess the adequacy of myocardial protection 
afforded by either a simple cardioplegic solu- 
tion or by coronary perfusion in patients un- 
dergoing aortic valve replacement (AVR) or 
coronary artery bypass grafts (CABC). 


Methods 
Assessment of Myocardial Contractility 


Sonnenblick |15] in 1962 proposed that cardiac 
muscle behavior can be analyzed in the same 
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manner as skeletal muscle. Using cat papillary 
muscles contracting isotonically in a bath of 
physiological solution, he developed "force- 
velocity curves," which related rate of muscle 
shortening to afterload. He showed that for 
each muscle a family of curves corresponding to 
different preloads could be obtained, and that 
all of these curves could be extrapolated back to 
a single point at zero afterload. He termed this 
point “Vinax’—the velocity of muscle fiber 
shortening at zero afterload—and stated that 
this was a unique characteristic of each muscle 
under a given set of conditions, reflecting its 
contractile state independent of preload. Sub- 
sequently, it has been shown that Vmax is prob- 
ably not independent of preload in other prepa- 
rations such as the intact human heart, thus 
limiting its usefulness as a contractility index 
[11]. Also, it is difficult to calculate accurately. 
For these reasons, Mirsky and associates [8] 
and others have suggested using the quantity 
"Vw'—the actual or physiological maximal ob- 
served contractile element velocity—as a con- 
tractility index. 

During the isometric period of contraction, 
wall tension is produced by shortening of the 
myocardial contractile elements. The velocity of 
contractile element shortening (Vee) can be 
shown to be related to interventricular pressure 
by the equation ` 


Vie = dP/dt/KP 


where K is a constant for which various values 
have been determined in cat papillary muscles 
and P is left ventricular pressure. Mirsky and 
colleagues [8] found that a value of V, (i.e., the 
maximum value of Vee) greater than 4.5 sec" 
(assuming K — 28) indicates normal myocardial 
contractility; lower values reliably separate out 
patients known to have abnormal myocardial 
function by other criteria. Because Vpm ap- 
peared to be a useful practical index of contrac- 
tility from these previous studies, we con- 
structed a system for measuring it easily in the 
operating room to help assess the efficacy of 
various methods of myocardial protection. 

A simple -electronic circuit was designed to 
allow (dP/dt)/P to be displayed instantaneously 


on an oscilloscope screen for photographic re- 


cording [4]. The output of a carrier amplifier 


receiving a high-fidelity left ventricular pres- 
sure signal (P) is connected to a logarithmic 
amplifier. The output of this, now log P, is dif- 
ferentia-ed by a resistance-capacitance (RC) cir- 
cuit whose output (E,) then is: 


E = A x .düog/P) 
"^ RE dt 


where A is the gain of the logarithmic 
amplifier, and R and C are the resistance and 
capacitaace constants of the circuit. 


Since dlog DP) _ d(log P) T dP 
dt dP 


dt 


and Sg) = TP 


_ dog)... A y Plat 
then E, — i C x xe C Tp 
RC 
ub rv 


The voltage output of this circuit (E,) is con- 
nected to the vertical deflection plates while P is 
connected to the horizontal deflection plates of 
an oscilloscope. The resulting curve forms a 
loop with (dP/dt)/P as the ordinate and P as the 
abscissa (Figs 1, 2). It is a simple matter ‘to 
photograph the oscilloscope trace and measure 
Vom directly, using an appropriate calibration 
factor [4 . Thus, contractile element velocity can 
be easily determined from left ventricular pres- 
sure data alone in the operating room. 

The high-fidelity pressure signal required for 
differentiation was obtained from a trans- 
ducer-tipped catheter (6F Millar) placed in the 
left ventricle either through an apical stab 
wound or across the mitral valve from the right 
superior pulmonary vein. 

We ignored the constant K in our calculations 
because its value is unknown in humans. A 
value of 28 has been assumed by some authors 
based on cat papillary muscle data. 


Validation of Vp, as Contractility Index 

In order to use Vpm as a contractility index, it 
was first essential to determine the effects alter- 
ations ir preload, afterload, or heart rate might 
have on it so that they might be controlled if 
necessary. Previous experimental work sug- 
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MILLAR 
CATHETER 


Fig 1. Method of recording contractile element velocity 
on oscilloscope. (Log Amp = logarithmic amplifier; RC 
Diff = resistance and capacitance difference; (dP/dt)i/P = 
left ventricular pressure data.) 


LVEDP Vpm DEVELOPED 


PRESSURE 





(dP/dt) / P (sec!) 


0 40 80 120 


TOTAL PRESSURE 
(mmHg) 


Fig 2. Contractile element velocity loop. The V p» is the 
maximum positive vertical deflection. (LVEDP = left 
ventricular end-diastolic pressure; (dP/dt)/P = left ven- 
tricular pressure data.) 


gested that large changes in preload or afterload 
may significantly effect V,,, [2, 6, 7, 13]. In- 
creasing heart rate has been shown to increase 
Vom [3, 13]. Unfortunately, in these studies 
preload and afterload were allowed to vary to- 
gether, preventing analysis of the effects of each 
alone. 

We assessed these effects under more con- 
trolled circumstances to verify the validity of 
these previous studies. Loops of (dF/dt)'F were 
recorded during isotonic contractions in three 
standard cat papillary muscle preparations. F is 


the force developed by the muscle (analogous to 


P in the whole heart) and dF/dt is the rate of 





change of force. Changes in afterload had no 
effect on Vpm, whereas large preload or rate 
changes had a marked effect (Fig 3). Changing 
heart rate often affected V,, considerably. 
Similar observations were made in the operat- 
ing room in patients cannulated for cardiopul- 
monary bypass (see Fig 3). Preload was 
changed in 5 patients by infusion of 400 to 600 
ml from the pump resulting in an increase of 0 
to 5 mm Hg in left ventricular end-diastolic 
pressure (LVEDP) and a —10 to +8% change in 
Vpm. Heart rate was increased by 20% in 3 pa- 
tients and Vpm increased substantially in 2. Af- 
terload was altered in 2 patients without a 
change in preload by administration of Neo- 
Synephrine (phenylephrine hydrochloride) or 
nitroprusside, and V,,, changed in neither pa- 
tient. 

From these observations we concluded that 
heart rate and preload must be controlled 
within reasonable limits but that afterload can 
be ignored in using V, as a contractility index. 
These observations essentially confirm the pre- 
vious experimental studies already mentioned. 
Although Vy, has limitations just like other 
contractility indices, it appeared to be easier to 
record and less subject to error than most. 


Material 

With this background we studied four groups 
of patients undergoing cardiac operation. 
Group 1 consisted of 10 patients having CABG 
with cardioplegia. Distal anastomoses were 
completed during one continuous period of 
cross-clamping (average, 62.5 minutes; range, 
22 to 107 minutes). Then the proximal anas- 
tomoses were constructed with partial occlu- 
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Fig 3. (A) Effects of changing afterload on V „m in iso- 
lated muscle (left) and in the intact heart (right). Little 
effect is observed. (B) Effects of changing preload on V pm 
in isolated muscle (left) and in the intact heart (right). 
Large increases in preload cause a reduction in V pm in 
the papillary muscle. The effect in the intact heart is 

- small. In this example, a 600-ml acute increase in blood 
volume caused a 5 mm Hg increase in LVEDP and a 
10% reduction in Vy, (C) Effects of changing heart rate 
on Vy, in isolated muscle (left) and in the intact heart 
(right). In both situations, increasing rate increases V, 


sion clamps after the heart had been rewarmed 
and defibrillated (when necessary). An average 
of 2.9 grafts per patient was performed. In 
Group 2 were 13 patients having CABG with 
coronary perfusion to the fibrillating heart at 


INTACT HEART 


28°C. Intermittent periods of aortic clamping 
were used for the distal anastomoses (average, 7 
minutes: range, 2 to 12.5 minutes). The average 
number of grafts per patient was 2.7. In Group 3 
were 6 patients having AVR with cardioplegia. 
Ischemic time averaged 67 minutes (range, 53 to 
91 minutes). The fourth group had 7 patients 
undergoing AVR with continuous coronary 
perfusiox to the beating heart at 32°C. The pa- 
tients having cardioplegia did not differ from 
those having coronary perfusion in age, sex, 
New York Heart Association Functional Class, 
number of coronary vessels occluded, ejection 
fraction, LVEDP, or number of previous myo- 
cardial irfarctions. 


4 
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Summary of Results in the Four Groups of Patients? 


CORONARY BYPASS 


Vu (sec !) LVEDP (mm Hg) 

No. of 
CABG Patients Preop. Postop. Preop. Postop. 
Coronary perfusion 13 38.3 + 11.3 308 £ 7.7" 113b 5:7 14.3 £5.2 
Cardioplegia 10 29.2 £58 32.1 + 7.8 14.3 + 6.9 15.9 + 7.8 
AORTIC VALVE REPLACEMENT 
Coronary perfusion ri SREI 33.4 + 10.9 15.5 2210.6 15,7 2 10.8 
Cardioplegia 6 27.4 0t 97 29.6 + 9.7 17.8 + 10.6 14.9 + 10.6 


a All values expressed as mean + standard deviation. 
"Difference between preoperative and postoperative values, p < 0.01 by paired t test. No other postoperative data are 


significantly different from preoperative data. 


CABG = coronary artery bypass graft; Vpm = maximum. contractile element velocity; LVEDP = left ventricular end-diastolic 


pressure. 


In each patient V,, and LVEDP were re- 
corded immediately before and after car- 
diopulmonary bypass with the heart cannu- 
lated, the body temperature between 35° and 
37°C, and the heart rate held constant by atrial 
pacing. No catecholamines were given until 
these recordings were completed. 

The cardioplegic solution consisted of a 4°C 
solution of 5% dextrose in 0.2% saline with 25 
mEq of potassium chloride and 12.5 gm of man- 
nitol added per liter. It had a pH of 6.8 and an 
osmolarity of 380 mOsm. One liter was given 
initially over a 3-minute period either into the 
aortic root from a pressurized bag or through 
individual coronary perfusion cannulas when 
there was aortic valve insufficiency. Additional 
500-ml infusions were given every 30 minutes. 
The myocardial temperature was reduced to 10? 
to 15°C during each infusion and then gradually 
rose to 20° to 25°C during the ensuing 30 min- 
utes. The patient's body temperature was low- 
ered to 28°C before aortic clamping and main- 
tained at that level during perfusion. It was 
raised to 32°C just before the clamp was 
released. Approximately half of the patients re- 
quired a single low-energy shock for defibrilla- 
tion. 


Results 

Patients having CABG with cardioplegia had 
no statistically significant change in V, fol- 
lowing operation (Table). One required 0.2 mg 


of Isuprel (isoproterenol hydrochloride) per 
minute for 12 hours after operation. There 
were no myocardial infarctions or deaths. 

Patients having CABG with coronary perfu- 
sion and intermittent clamping for distal anas- 
tamoses had a statistically significant (p « 0.01) 
depression in Vpm from an average of 38.3 sec! 
to 30.8 sec^'. There were no deaths or myocar- 
dial infarctions in this group. Three patients 
required 5 to 10 ug per minute of norepineph- 
rne (with simultaneous phentolamine) for. 
twelve hours. 

Neither patients having AVR with cardio- 
plegia nor those having AVR with coronary per- - 
fusion had statistically significant changes in 
Vpm- Two in each group required small doses of 
catecholamines briefly in the operating room. 
Two who had coronary perfusion required 5 to 
15 ug per minute of norepinephrine (with 
simultaneous phentolamine) for 12 to 24 hours 
after operation. There were no deaths or myo- 
cardial infarctions in either group. 


Comment 
Protection of the myocardium during aortic 
clamping is clearly one of the important goals of 
cardiac surgeons. That myocardial protection 
may be often inadequate is suggested by an ap- 
preciable incidence of early low-output syn- 
drome and late myocardial dysfunction evident 
upon follow-up catheterization. 

Coronary perfusion would seem to be a logi- 
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cal method of protection. However, it is often 
inconvenient and the unrelaxed heart may be 
difficult to repair without trauma. Coronary 
osteal damage has occurred from perfusion 
cannulas. Most perfusion systems produce 
nonpulsatile flow, which may not be ideal. 
Sometimes satisfactory coronarv perfusion can- 
not be achieved. 

Hypothermia by systemic and topical cooling 
(the so-called Shumway technique) is another 
clinically proved method, but sometimes it 
is cumbersome. Especial in hypertrophied 
hearts, cooling may be nonuniform, and un- 
suspected endocardial warming may occur un- 
less myocardial temperature is carefully moni- 
tored. Furthermore, the heart fibrillates for a 
considerable period both during cooling and 
rewarming, and this has been shown to in- 
crease oxygen demands and to cause maldis- 
tribution to coronary flow in experimental ani- 
mals [5]. 

Thus, a reexamination of potassium cardio- 
plegia has been advocated. Virtually all con- 
trolled experimental data come from work with 
isolated perfused rat or dog hearts. Papillary 
muscles are unsuitable because they are not ar- 
rested by these solutions. Previous studies on 
humans have been limited to qualitative results 
such as survival, freedom from complications, 
and.the need for postoperative support mea- 
sures. | 

From available data it would appear that so- 
lutions containing 15 to 30 mEq of potassium 
per liter are both safe and effective in producing 
cardioplegia [9, 14, 16]. Earlier methods (i.e., 
the Melrose technique) were detrimental prob- 
ably because excessive concentrations of potas- 
sium or citrate or both were used. Potassium 
produces cardioplegia by reducing the trans- 
membrane potential, thereby inhibiting myo- 
cardial excitation and conserving cellular 
energy stores during the arrest period. 

We added mannitol to our solution because 
there is considerable evidence that it protects 
the myocardium from the cell swelling that ac- 
companies ischemia [11]. Many other agents 
have been utilized, but there is little informa- 
tion about the ideal composition. In particular, 
the ideal ionic composition, pH, osmolarity, 
and temperature must be determined. Current 


work in many laboratories is directed at these 
problems. 

Nevertheless, the present data clearly show 
that immediate postoperative myocardial func- 
tion is well preserved by the simple cardio- 
plegic solution utilized in this study. They 
further suggest that this technique is superior 
to intermittent coronary perfusion to the fibril- 
lating heart. It is interesting that this should 
appear to be the case even in hearts that are not 
hypertrcphied. These conclusions have recently 
been confirmed by Adappa and associates [1] 
who fouad that cardioplegia resulted in a lower 
incidence of arrhythmias and of myocardial 
damage among their patients having coronary 
bypass than did intermittent aortic clamping. 
Similarly, Wakabayashi and associates [17] 
noted a progressive decline of myocardial con- 
tractility in rabbits as aortic cross-clamping and 
coronary reperfusion were repeated. 

Associated with the decrease in V,, among 
the patients having intermittent coronary per- 
fusion was a slight increase in LVEDP. Of 
course, this might be a further reflection of di- 
minished contractility, but, alternatively, it 
might represent decreased left ventricular com- 
pliance due to edema accumulation . during 
ventricu.ar fibrillation. If this were the case, the 
decrease in Vpm observed in this group might 
merely Ee due to the increased LVEDP and not 
to a change in contractility itself. This distinc- 
tion cannot be made from the data obtained in 
this study. 
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Discussion 

DR. ROBERT W. M. FRATER (New York, NY): The ne- 
cessity for controlled trials is very obvious, and what 
inhibits most of us from performing them is the 
difficulty of obtaining good data on myocardial con- 
tractile performance in or out of the operating room. 
We have used two simple methods to try to get these 
data. 


The first is using intraoperative echocardiograms 
to look at left ventricular measurement changes and 
rate of measurement changes. It is very easy to do, 
and we used it, in fact, to decide whether it would be 
reasonable to conduct a randomized study of cold 
hyperkalemic cardioplegia. We measured diastolic 
dimension changes, systolic ejection time, and raté 
of circumferential fiber shortening in 15 patients and 
found there was no statistical difference before and 
after performing bypass with the aid of hyperkalemic 
hypothermic cardioplegia. Subsequently we have 
used the technique in a randomized prospective 
study. 

The second technique is a simple old-fashioned 
Starling curve. We did a prospective. randomized 
study of 47 patients. Hyperkalemic cardioplegia was 
used in not quite half of them and intermittent aortic 
clamping at 30°C with the heart otherwise beating for 
the remaining patients. Looking at stroke volume in- 
dices in relation to at least three left ventricular filling 
pressures before and after bypass, we found that 
70% had the same or an improved Starling curve 
immediately after bypass; with the intermittent 
ischemia technique, only 36% showed the same or 
an improved curve. With the Starling curves we have 
not seen quite as dramatic a difference as did Dr. 
Behrendt's group using ventricular contractile veloc- 
ity, since 30% of the patients had, in fact, a de- 
pressed Starling curve after cardioplegia. This was 
nevertheless far fewer than the 64% with reduced 
Starling curves using aortic clamping at 30°C. 

These are two simple methods. Our success with 
them may encourage more surgeons to do these 
kinds of important control studies. 


DR. BRUNO J. MESSMER (Aachen, West Germany): 
We performed similar studies during the past few 
months and were primarily interested in resumption 
of myocardial function after cardiac arrest induced by 
cardioplegic solution on the basis of magnesium as- 
paraginate. Left ventricular pressure curves were re- 
corded before the arrest and during the time coming 
off the pump, using a tip manometer placed into the 
left ventricle. Later, (dP/dt)/P and V pm were calculated. 

The first group studied consisted of 6 patients who 
underwent a coronary artery bypass procedure with 
an average aortic cross-clamping time of 72 minutes. 
Although both factors, (dP/dt)P and Vpn, were de- 
creased during the period immediately after cross- 
clamping, the contractile status improved gradually 
reaching almost the initial level at the end of car- 
diopulmonary bypass. 

Similar behavior of contractility factors was found 
in patients undergoing mitral valve replacement. 
Here also (dP/dt)P and V,m were decreased immedi- 
ately after retraction of the left ventricular decom- 
pression cannula into the left atrium but thereafter 
steadily increased to levels that were not statistically 
different from the initial values. 
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We, therefore, can only confirm Dr. Behrendt’s 
conclusion that cardioplegic arrest provides adequate 
protection of myocardial function. Cardioplegic so- 
lutions may be of benefit, if not lifesaving, for pa- 
tients who run into surgeons like me who are not fast 
workers and still dare to say without fear that nor- 
mothermic anoxic arrest will be sufficient for myo- 
cardial protection. 


DR. DERWARD LEPLEY, JR. (Milwaukee, WI) Last April 
at the meeting of the American Association of 
Thoracic Surgery, several papers were presented on 
this subject of cardioplegia, and I raised a question at 
that time as to the temperature of the control group 
compared with that of the study group who received 
cardioplegic solution. For those of us who have 
struggled with hypothermic protection through the 
years and know how a small temperature change can 
alter metabolism a great deal, it seems important that 
we should have this information. In the paper by Dr. 
Behrendt and associates, the heart was controlled at 
30°C and the solution injected into the experimental 
group was 4°C. I cannot determine what the heart 
solution was in the paper by Dr. Scott and associates, 
and in the presentation of Dr. Lolley and colleagues 
the patient was apparently normothermic and the 
study groups were given a solution at 4°C. 

I am sure cardioplegic solutions do help, but I 
think it is very hard to determine this when another 
factor which has so much influence on cardiac me- 
tabolism is not controlled also, and it is extremely 
difficult to come to a finite conclusion in research 
when two variables are present. 


DR. BEHRENDT: I would like to thank all the dis- 
cussants for their support. What we have attempted 
to do is add some quantitation to the qualitative 
observations made by all of us who have used car- 
dioplegic solutions, namely, that patients undergo- 
ing operation with these solutions really do very well 
indeed. It is reassuring that electron micrographic 


and histochemical work recently appearing in the lit- 
erature show that cardioplegia preserves the heart 
very well. 

As Dr. Levitsky pointed out, the ideal solution re- 
mains to be defined. It is clear from our data, from 
the data that Dr. Scott presented today, and from 
data obtained by Dr. Levitsky and others that 
hypothermia is not the only important protective 
factor ir: these solutions. The composition of the car- 
dioplegic solution does matter. Moderate hyper- 
kalemia itself seems to be beneficial and adds to the 
protective effects of hypothermia. Much of the work 
that we will be seeing in the next few years regarding 
the ideal composition of these solutions will be 
coming from Langendorf or working rat-heart prepa- 
rations. Those of you who have not used the rat heart 
preparation should realize that it is very tricky 
and very difficult to reproduce. Any data from it 
regarding the ideal components for cardioplegic so- 
lutions will necessarily have to be tested in humans 
before they can be accepted as valid. 

Dr. Lepley correctly points out that the tempera- 
ture of the myocardium during these experiments or 
operations is an important variable which must be 
assessed in order to interpret the results. 

When a liter of cardioplegic solution at 4*C is ad- 
ministered to an adult human, the myocardial tem- 
perature falls to 10 to 15°C rather promptly, according 
to our measurements. Over the next half hour it 
gradual.y rises to room temperature—about 22°C. If 
cardioplegic solution is not reinfused periodically, the 
myocardial temperature will remain in the range of 
20° to 30°C. Of course, the exact temperature will be 
unknown unless it is monitored. 5o in reporting the 
results of these experiments it is very important to 
specify the myocardial temperature during the isch- 
emia period and to note how the cardioplegic ad- 
ministration was carried out. 

A word of caution, however, is in order. These are 
all acute studies, not chronic studies. There is really 
very little controlled data on what cardioplegia does 
to myocardial function in the long run. 


Limits of Myocardial 


Protection with Potassium Cardioplegia 
William C. Scott, M.D., Richard J. Shemin, M.D., Vincent A. Gaudiani, M.D., 


and David M. Conkle, M.D. 


ABSTRACT Preservation of left ventricular func- 
tion with various potassium-based cardioplegic so- 
lutions has been considered to be effective for at least 
60 minutes during occlusion of the ascending aorta. 
The purpose of this study was to define the limits of 
protection offered by potassium alone. A single 
bolus of 150 ml of potassium (24 mEq per liter) in 
normal saline solution at 30°C was injected in the 
aortic roots of foxhounds at the initiation of periods 
of 45 minutes, 60 minutes, and 75 minutes of aortic 
occlusion at a core temperature of 30°C. Data derived 
from postischemic recovery phase ventricular func- 
tion curves and force-velocity relations demon- 
strated excellent protection during 45 minutes of 
ischemia, inconsistent protection at 60 minutes, and 
poor protection at 75 minutes. 


The advan:ages of a quiet, bloodless operative 
field and a flaccid heart well protected from 
ischemia during cardiac surgical procedures are 
well recognized. In recent years, various 
potassium-based cardioplegic solutions have 
been investigated [5, 9-11, 13, 21, 24]. Several 
of these cardioplegic solutions have been used 
clinically [3, 19, 22, 24]. Considerable con- 
troversy, however, remains over the con- 
stituents of the "ideal" solution. The purpose of 
this study was to evaluate the short-term effects 
of potassium ion alone on the preservation of 
myocardial function during various intervals of 
ischemia, and to define its limits of protection. 


Materials and Methods 
Twenty-seven foxhounds, weighing 20 to 33 kg 
(mean, 25 + 3 kg) were anesthetized with Suri- 


From the Clinic of Surgery, National Heart, Lung. and 
Blood Institute, Bethesda, MD. 


Presented at tne Fourteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 23-25, 1978, Orlando, FL. 


Address reprint requests to Andrew G. Morrow, M.D., 
Chief, Clinic of Surgery, National Heart, Lung, and Blood 
Institute, Bethesda, MD 320014. 


tal (thiamylal sodium) (18 mg per kilogram of 
body weight), maintained with 196 halothane, 
and ventilated with a Harvard pump respirator. 
The chest was opened through a median ster- 
notomy, and heparin (3 mg per kilogram of 
body weight) was administered. Cardiopulmo- 
nary bypass (CPB) was instituted as shown in 
Figure 1, allowing for either a conventional CPB 
or right heart bypass circuit [2]. After institu- 
tion of CPB, the pulmonary artery was occluded 
to ensure right and left heart isolation. A Rumel 
tourniquet was placed high around the de- 
scending thoracic aorta to maintain a constant 
aortic root pressure during each experiment. 

Left atrial, central aortic, and central venous 
pressures were measured through fluid-filled 
catheters positioned in the left atrium, ascend- 
ing aorta, and inferior vena cava, respectively. 
Left ventricular pressure was obtained by 
placement of a Statham SF-1 high-fidelity 
transducer-tip catheter, with an additional 
fluid-filled lumen for correction of tem- 
perature-induced baseline drift, through a 
pursestring suture in the left ventricular apex. 
Statham P23Db transducers were used in all 
fluid-filled systems, and all signals were re- 
corded on an eight-channel Gould Brush 480 
recording system and a Honeywell 7600 FM 
tape recorder. The electrocardiogram was mon- 
itored, and right atrial pacing was used to 
maintain heart rate within 1096 of control 
values throughout each experiment. 

After institution of CPB at 35 to 37°C, as mea- 
sured by an esophageal temperature probe, a 
control left ventricular function curve was ob- 
tained by diverting femoral artery flow to the 
left atrial cannula and varying total pump flow 
from 1,000 to 3,500 ml per minute. Aortic root 
pressure was maintained at lower flow rates by 
distal aortic constriction. Left ventricular stroke 
work was derived from the following equation 
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Fig 1. Conventional and right heart bypass circuits. (LA 
= left atrial; LV = left ventricular; CV = central 
venous.) 


and plotted versus left atrial mean pressure [20]: 


100 


where LVSW = left ventricular stroke work 
(gm-m), AoP = mean aortic root pressure (cm 
H-O), LAP = mean left atrial pressure (cm 
H,O), and SV = stroke volume (ml/beat) = sys- 
temic flow (ml/min) divided by heart rate. 
Four or more data points were used to generate 
each curve, and a second curve was obtained 
after the experimental intervention. 

Left ventricular function was further evalu- 
ated by calculation of the maximum developed 
rate of rise of left ventricular pressure (d,/d, 
max) and maximum developed contractile ele- 
ment velocity during isovolumic systole (Vy). 
These values for d,/d,; max and V pm were ob- 
tained from computer processing of the re- 
corded high-fidelity left ventricular pressure 
signal. Analog tape signals were converted to 
digital format at 5-msec intervals and the first 
derivative at each point determined as the slope 
over the 10-msec interval between the point 


preceding and the point following the data 
point. Contractile element velocity (Vee) at each 
point was calculated from the two-component 
Maxwell model of muscle contraction utilizing 
“total” pressure [16, 17]: 


Veo = (Cp/d)/KP when Ve = 0 


where Ve = contractile-element velocity, K = 
constant, d,/d, = first derivative of left ven- 
tricular 2ressure, V.; = velocity of circumferen- 
tial fiber shortening, and P — instantaneous left 
ventricular pressure, and 


Vom = max Vee during isovolumic systole 


These calculations were performed from 20 
sequeniial beats at each flow rate before and 
after the intervention, and an average value for 
dyd, max and Vy, was calculated before and 
after the intervention. 

Five groups of dogs were studied. Groups 1 
and 2 served as control groups and included 
animals supported on CPB for 45 minutes at 
30°C (Group 1, n = 5) and those with 45 min- 
utes of aortic occlusion at 30°C (Group 2, n= 3). 
In Groups 3, 4, and 5, a single bolus of 150 ml of 
potassium (24 mEq per liter) in normal saline 
solution at 30°C was injected into the aortic root 
at the time of aortic occlusion, causing immedi- 
ate electrical and mechanical arrest. Groups 3 (n 
= 5), 4 (a = 10), and 5 (n= 4) underwent 45, 60, 
and 75 minutes of aortic occlusion at 30°C, re- 
spectively. 

The left ventricle was vented in all animals 
during eortic occlusion and recovery periods by 
repositioning of the left atrial cannula through 
the mi:ral valve into the left ventricular 
chambe-. All animals were given a 30-minute 
recoverv period of vented CPB at 37°C before 
collecticn of postintervention data. Weaning of 
each animal from CPB without pressor support 
was attempted upon completion of postinter- 
vention. studies. Statistical analysis was per- 
formed utilizing a one-tailed Student f test. 


Results 

Hearts perfused with potassium cardioplegic 
solution became pale and flaccid with complete 
mechan:cal and electrical arrest during injection 
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of the first 50 ml of solution. Gradual return of 
color occurred throughout the arrest period. 
There was no return of electrical or mechani- 
cal activity in any of the potassium-arrested 
groups. 

Two dogs in Group 2, 2 dogs in Group 4, and 
3 dogs in Group 5 had severely impaired ven- 
tricular furction postintervention and were un- 
able to produce aortic pressures equal to control 
values at the lower flow rates despite total oc- 
clusion of the descending thoracic aorta. All 
dogs in Groups 1 and 3 were able to attain con- 
trol aortic pressures. No animals in Groups 2 or 
5 were able to be weaned from cardiopulmo- 
nary bypass without pharmacological support. 
In Group 4, 5 of the 10 animals were unable to 
be weaned. Inability to eject blood from the left 
ventricle postintervention was found in 2 ani- 
mals each in Groups 2 and 4 and 1 animal in 
Group 5. Percent changes in Vy, and d,/d, max 
in these animals were assumed equal to the 
lowest value in depressed hearts still able to 
eject, thus underestimating the decrease in 
function of these hearts. 


Ventricular Function Curves 
Left ventricular function curves were plotted 
before and after intervention for all animals. 
The curves were compared, and the amount of 
depression was graded numerically (Table 1). 
Tables 1 and 2 and Figure 2 summarize the 
data on lett ventricular function curves in all 
groups. Ventricular performance in Group 2 
(30°C and cross-clamped) was significantly de- 
pressed when compared with Group 1 (30°C 
and no cross-clamp) (p « 0.01). Hearts in Group 
3 (protected for 45 minutes with potassium car- 
dioplegia) were identical to Group 1 controls 
and significantly better than those unprotected 
in Group 2 (p « 0.01). Group 4 (60 minutes' 
aortic occlusion with potassium cardioplegia) 
showed considerable variation in preservation 
of ventricular performance. These hearts ex- 
hibited better preservation of ventricular func- 
tion than those in Groups 2 (p « 0.02) and 5 (p 
< 0.01), but worse than those in Group 1 (p « 
0.01) and Group 3 (p « 0.03). Cardioplegic ar- 
rest for 75 minutes in Group 5 resulted in myo- 
cardial depression comparable to that seen in 
Group 2 (unprotected ischemic arrest) and sig- 


Table 1. Ventricular Function Curve Data 





Ventricular Function 

No. Curve Grades? Mean 

of — Grade 
Group Dogs 1 2 3 4 5 (SẸ) 
1 5 3 2 0 0 0 14902 
2 3 0 0 0 0 3 #50+0.0 
3 5 3 1 1 0 0 1620.4 
4 10 3. 1 d 0 5. 33:06 
5 4 0 0 0 0 4 50+ 0.0 


"Grade 1: no change in degree of depression; Grade 2, 
minimal depression; Grade 3, moderate depression; Grade 
4, severe depression; Grade 5, severe depression and un- 
able to wean from cardiopulmonary bypass. 


SE = standard error. 


Table 2. Summary of Experimental 
Data by Group 


Mean 

No. VFC Mean % Mean % 

of Grade Change d/d, max Change Vom 
Group Dogs (x+SE) (+SE) (+SE) 
1 5 1.4 + 02 5.7 t 4.5 0.0 t 2.5 
2 3 5.0+0.0  —45.5 t 0.5 —60.4 £ 0.5 
3 5 16404  — 65 t 40 — 7.3 t 44 
4 10 3.3 + 0.6 —16.6 t 11.2 —25.8 + 11.4 
5 4 5.0400  —40.0: 3.6 -DAS $ 27 


VFC = ventricular function curve; SE = standard error; d,/d, max = 
maximum rate of rise of left ventricular pressure; Vy, = maximum 
contractile element velocity during isovolumic systole. 


nificantly worse than that seen in Groups 3 and 
4 (p < 0.01 and p < 0.01, respectively). 


Force-Velocity Data 

Ventricular performance was also evaluated 
utilizing force-velocity relations during iso- 
volumic systole. Data were collected at each 
flow rate before and after intervention. The 
mean preintervention and postintervention 
values were compared and expressed as a per- 
cent change in each experiment. A mean per- 
cent change was then calculated for each group. 
Figures 3 and 4 summarize the d/d; max and 
Vom data in all groups. 

Unprotected Group 2 animals exhibited a 
45.5 + 0.5% decrease in d,/d; max and a 60.4 + 
0.5% decrease in Vom. This represented a sig- 
nificant depression when compared with the 
—5.7 X 4.596 and 0.0 + 2.5% changes in d,/d, 
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VFC GRADE 


| Il IV v I 
GROUP 


Fig 2. Ventricular function curve (VFC) mean grade 
plotted by group. 


96^ Dp/Dt MAX 
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GROUP 


Fig 3. Percent change in maximum rate of rise of left 
ventricular pressure (d,/d, max) plotted by group. 


? 


max and Vpm in Group 1 controls (p < 0.01, p < 
0.01). Group 3 (45 minutes of potassium car- 
dioplegia, and aortic occlusion) changes in d,/d, 
max and Vpm were —6.5 + 4.0% and —7.3 + 4.496, 
respectively. These values were not signifi- 
cantly different from Group 1 controls, but were 
significantly less depressed than Group 2 (p « 
0.01, p « 0.01). Group 4 (60 minutes of potas- 
sium cardioplegia and aortic occlusion) animals 
again showed considerable variation in preser- 
vation of ventricular performance, as with the 
data on left ventricular function curves, with 
16.6 + 11.2% and 25.8 + 11.4% decreases in 
d,/d, max and Vpn. In this group, d,/d; max and 
Vom depression, like the function curve data, 
was less severe than in Groups 2 (p < 0.03, p < 
0.02) and 5 (p < 0.05, p < 0.04). In Group 4 d,/di 
max was more severely depressed than in 1 or 3; 








96 A Vpm 





| lii IV V I 
GROUP 


Fig 4. Percent change in maximum contractile element 
velocity (Vpm) plotted by group. 


howevez-, the results were not statistically sig- 
nificant due to the large variability in Group 4 
values. Depression of V,,, was more severe in 
Group 4 than in Group 1 (p < 0.04). No signifi- 
cant diference was found in the Vp, data be- 
tween tnis group and Group 3 because of the 
large variability in response to 60 minutes of 
potassium arrest. 

The 75 minutes of potassium cardioplegia in 
Group 5 resulted in 40.0 + 3.6% and 52.5 + 
2.7% decreases in d,/d,; max and Vpn, respec- 
tively. Depression of dyd, max was similar to 
that in Group 2 while the V,, depression was 
slightly less (p < 0.03). Both dd; max and 
Vom Showed a significant decrease from the 
levels in Groups 1 (p « 0.01, p « 0.01) and 3 (p 
« 0.01, p « 0.01). The greater depression of 
djyd, mex and Vpn in Group 5 compared with 
Group 4 was statistically significant only for the 
Vom data (p « 0.04). | 


Comment : 

A variety of constituents have been advocated 
for use in cardioplegic solutions [4, 5, 10, 11, 
14]. In addition, multiple dose administration 
[15], control of reperfusion pH [5], and mainte- 
nance cc initial reperfusion arrest [6] have been 
investigated. Several solutions, administered as 
a single bolus, have demonstrated minimal de- 
pressior. of ventricular performance during 60 
minutes of ischemic arrest [7-10, 21]. The 
majority of solutions investigated have in . 
common the utilization of potassium ion to in- 
duce electromechanical arrest. Elevation of 
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myocardial extracellular potassium concentra- 
tion has been shown to lower cellular mem- 
brane potentials [18] and thus prevent the 
repetitive depolarization responsible for initiat- 
ing myocardial contraction. Energy require- 
ments during ischemic arrest, therefore, are 
reduced [6, 9], and cellular energy reserves are 
conserved [8, 12, 23] for use in maintaining cel- 
lular integrity. The protective effects of 
potassium-induced arrest alone have not been 
investigated in the physiological model. 

This study was designed to evaluate the acute 
effects of single-bolus potassium ion cardio- 
plegia at 30°C on ventricular performance after 
ischemic arrest in the intact dog heart. Excellent 
preservation was found during a 45-minute 
interval of ischemia. 

Evaluation of performance following a 60- 
minute period of ischemic arrest revealed 
minimal depression in several hearts and 
maximal depression in others, resulting in 
moderate depression as a group, with a large 
standard error. Results were unpredictable on 
an individual basis. Seventy-five minutes of 
aortic occlusion uniformly exceeded the protec- 
tive limits of single-bolus potassium cardio- 
plegia at 30°C. 

The nonuniformity of protection at 60 min- 
utes may be the result of the wide range of 
myocardial noncoronary collateral blood flow 
rates observed in normal dogs [1, 10]. Blood 
reaching the heart during aortic occlusion 
through noncoronary collateral channels may 
cause a washout of the cardioplegic solution 
and a lowering of extracellular potassium con- 
centrations. This, in turn, would allow return of 
electrical and mechanical activity, increasing 
myocardial energy demands during the isch- 
emia interval and resulting in increased isch- 
emic damage. The presence of myocardial 
noncoronary collateral flow was evident in this 
study as demonstrated by the gradual return in 
color of the myocardium during the ischemia 
period. No return of mechanical or electrical 
activity, as monitored by limb lead electrocar- 
diogram was observed. Goldstein and col- 
leagues [10], however, recently reported return 
of electrical activity as monitored by an en- 
docardial electrode 51 + 6 minutes following 
single-bolus potassium cardioplegia. They have 


also reported the presence of ventricular fibril- 
lation by endocardial monitoring in the absence 
of limb lead activity. Thus, those hearts with 
maximally depressed ventricular performance 
in the 60-minute cross-clamped group may rep- 
resent a population with greater noncoronary 
collateral flow and washout of the extracellular 
potassium concentration, leading to return of 
ventricular activity. Conversely, the hearts with 
minimal depression may represent a popula- 
tion with lower noncoronary collateral flows 
and preservation of electromechanical arrest 
throughout the ischemia period. 

In summary, the present study has demon- 
strated that single-bolus potassium ion car- 
dioplegia at 30°C provides excellent preserva- 
tion during 45 minutes of ischemic arrest and 
intermediate and inconsistent preservation at 
60 minutes. Seventy-five minutes of ischemia 
consistently exceeds the protective capacity of 
this method. 
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Discussion 

DR. JURO WADA (Sapporo, Japan): Experiments at 
Sapporo Medical College by Dr. Tomio Abe and as- 
sociates indicated that a hypertrophied left ventricle 


is safely 2rotected from ischemia for two hours by 
perfusion of the myocardium with 0 to 4°C Ringer's 
lactate so.ution. 

At the Heart Institute of Japan, Tokyo Women's 
Medical College, Dr. Nobuo Kitamura and I com- 
pared vérious cardioplegic solutions: (1) aortic 
cross-clamping at 37°C, control; (2) retrograde coro- 
nary sinus perfusion with 0 to 4°C Ringer's solution; 
(3) intraventricular and intrapericardial topical cool- 
ing by Ringer's solution; (4) cardiac arrest by 
Young's solution followed by coronary perfusion 
cooling with Ringer's lactate solution; (5) cardiac ar- 
rest by K-rsh's solution followed by coronary perfu- 
sion cooling with oxygenated hydroxyethyl starch 
(HES) solution; (6) coronary perfusion cooling with 
modified Krebs’ solution; (7) cardiac arrest with 
Young's. solution followed by coronary perfusion 
cooling with 596 glucose and 5096 diluted blood; (8) 
cardiac arrest with Young's solution followed by 
coronary perfusion with 4'C  glucose-insulin- 
potassiur1 (GIK)(I) solution; and (9) cardiac arrest 
with Young's solution and coronary perfusion with 
GIK (II) solution. 

In GIKQI) 5% glucose was used to decrease osmotic 
pressure, that is, to 334 from 615 mOsm/L of GIK(D, 
and 5 ml of 7% sodium bicarbonate was added to 
make the pH 7 to 8 instead of 5 to 6 in GIK(I). Com- 
plete tole-ance to or complete recovery from 120 min- 
utes of aortic cross-clamping was the rule. 

Our clinical experience at the Heart Institute of 
Japan du-ing the current 8 months with more than 60 
minutes >f aortic cross-clamping under cardioplegia 
included 65 patients. In 59 patients, Young’s solution 
was used to produce quick cardiac arrest followed by 
cooling with GIK(I) or (II) solution. The longest 
cross-clamping was 180 minutes in a Bentall opera- 
tion, with perfect recovery. There was no mortality in 
these clinical trials. In 7 children, 5 to 10 years old, 
we perfused the myocardium with only 15°C Young’s 
solution with success. We think this technique works 
in small children if the cardiac arrest time is less than 
60 minutes. "Medspect'" is a useful instrument for 
studying O, and CO, tension in myocardial tissue. 

In short, I believe cold GIK solution used in com- 
bination with Young's solution to produce cardiac 
arrest is ideal in the clinical situation. Also, 
coronary-saphenous vein bypass grafting with this 
technique works very well because there is no blood 
and because the vessel wall is so-clear. 


DR. THOMAS Z. LAJOS (Buffalo, NY): I would like to 
discuss the paper of Dr. Scott and associates in which 
they investigated the effect of one component, 
potassium, in cardioplegia. I think this is an impor- 
tant and elegant piece of work. However, I want to 
point ou: that left ventricular function curves alone 
are not enough to assess myocardial function and 
recovery following cardioplegic protection. Early in 
1977, our team (Drs. Schimert, Lee, and Lajos) inves- 
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tigated clinically the effect and the contribution of 
potassium cardioplegia to deep cardiac hypothermia, 
with preoperative and postoperative multidimen- 
sional methods: cardiodynamic studies, enzyme 
studies, and electron microscopy. We have found 
that potassium has contributed to the safety of 
hypothermic cardioplegia. In the cardiodynamic 
studies there was faster recovery in the first, second, 
and third postoperative days compared with 
hypothermic arrest. The electron microscopy find- 
ings indicated greater preservation of glycogen. En- 
zyme studies obtained from the coronary sinus dur- 
ing and after operation have shown absence of 
myocardial-specific creatine phosphokinase isoen- 
zymes. 

Therefore, 1 suggest that the recovery of the 
myocardium following cardioplegia should be al- 
ways assessed with multidimensional methods. 
Thank you very much. 


DR. SIDNEY LEVITSKY (Chicago, IL): I agree with the 
data presented by Dr. Scott's group from Bethesda 
but not necessarily with the conclusions. 

Four years ago we showed that a single bolus of 
normothermic potassium administered in the aortic 


root protects the myocardium for only about 15 min- 


utes following aortic cross-clamping (Fed Proc 33:3, 
1974). Thereafter, because of mediastinal collateral 
flow, the potassium is washed away and the heart 
begins either to fibrillate or beat with a simultaneous 
depletion of high-energy phosphate moieties. 

I believe the authors were able to obtain reason- 
able myocardial function after 45 minutes of ischemia 
because the perfusate temperature, an uncontrolled 
variable, was decreased to 30?C. Thus, there was en- 
hancement of the potassium effect with moderate 
hypothermia. In our original experiments, we main- 
tained the heart at 37°C so that only the effects of 
potassium could be evaluated. 

When one looks at investigations covering the en- 
tire spectrum of cardioplegic solutions, there are four 
major areas of concern. First, it is agreed that the 
solution should be cold, about 5°C. Second, the solu- 
tion should contain potassium at a concentration of 
25 to 30 mEq per liter. Third, while the optimal os- 
molarity is now known, our investigations and those 
of others suggest that it should be in the range of 380 
to 420 mOsm per liter. Fourth, the solution should be 
buffered so that the pH ranges from 7.42 to 7.44 or 
higher. 

By including all of these considerations in a car- 
dioplegic solution, I believe that one can safely ex- 
ceed the 45-minute ischemia period that the authors 
seem to indicate is maximal. At the University of 
Illinois Medical Center, we have had excellent clini- 
cal evidence of myocardial protection using cardio- 
plegic solutions both in newborn infants as well as in 
adults, for ischemia intervals up to 138 minutes. The 
end-point criteria for these observations is the 


avoidance of inotropic agents after operation along 
with the absence of evidence of myocardial infarc- 
tion. It is our hypothesis that the use of inotropic 
agents after cardiac operation indicates inadequate 
myocardial protection and requires review of the 
operative techniques utilized during the procedure. 


DR. DERWARD LEPLEY, JR. (Milwaukee, WI): I cannot 
determine what the heart solution was in this study. 
Those of us who have struggled with hypothermic 
protection through the years and who know how 
even a small temperature change can alter metabo- 
lism a great deal, believe it is important that we have 
this information. 


DR. SCOTT: I would like to thank all the discussants for 
their pertinent comments. With regard to Dr. Lajos' 
concern about evaluating more than just systolic 
function, we certainly agree that changes in diastolic 
compliance, metabolic function, and ultrastructure 
need to be investigated with each method of myo- 
cardial protection. 

In reference to Dr. Levitsky's question, in these 
experiments we addressed ourselves only to the 
problem of evaluating single bolus administration of 
cardioplegic solution at 30*C containing potassium 
ion alone. Our results demonstrate excellent, consis- 
tent preservation for a maximum time limit of 45 
minutes. We did not, however, mean to imply that 
this was an absolute limit of protection with all 


 potassium-based cardioplegic solutions containing 


other constituents, administered in multiple doses or 
at lower temperatures. 

In response to Dr. Lepley, we agree that tempera- 
ture is an important moderator of myocardial protec- 
tion and must be considered and reported in all pres- 
ervation studies. In our experiments, the animals 
were all cooled to a core temperature of 30°C and the 
cardioplegic solution was administered at a temper- 
ature of 30°C. Intramyocardial temperature during 
aortic occlusion was 30°C, as measured in several 
animals. 

I would like to echo Dr. Behrendt's comments that 
the ultimate determinant of which cardioplegic solu- 
tion or what constituents are optimal will be deter- 
mined from results of chronic functional and patho- 
logical studies as well as acute studies. 

Another point that has been raised is that we pur- 
ported to show the influence of potassium as a pres- 
ervation agent, but the control group we used to rule 
out the hypothermia variable did not receive a 150 ml 
bolus of normal saline solution at 30°C without 
potassium, and thus we did not delineate the essen- 
tial role of potassium in this study very well. 

In response to that, I would like to assert that our 
control group of cross-clamped animals was indeed 
an adequate temperature control. This group had 
systemic and myocardial perfusion with blood at 
30°C before cross-clamping, resulting in an intra- 
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myocardial temperature of 30°C. Experimental 
potassium-cardioplegia groups had similar core and 


myocardial cooling to 30°C but, in addition, had in- . 
jection of 150 ml of cardioplegic solution at 30°C that - 


did not alter intramyocardial temperature. Thus, in 
both groups intramyocardial temperature at the 
time of aortic occlusion was 30°C. 

The second point I would like to address is our 
choice of control group—animals who had cross- 
clamping after systemic cooling without a flush of saline 
solution. This group was designed to provide a clini- 
cal and control situation utilized on the clinical ser- 
vice here at the National Institutes of Health, against 
which we measure the efficacy of any new method of 
myocardial preservation. In addition, this method 
was analogous to flushing the coronary circula- 
tion with blood rather than saline solution at the time 
of aortic occlusion. We thought, however, that saline 


alone was unlikely to provide additional protection 
to that provided by its temperature effects. In fact, 
it is more likely that the low osmolarity and the lack 
of buffering capacity and calcium content would be 
detrimen:al to postischemia ventricular performance. 
It is therefore possible, and even likely, that the 
potassiura-arrested group would have had relatively 
increasec protective effects if a saline flush control 
had beer utilized. 

Thus, we think that the demonstrated improve- 
ment in myocardial performance with potassium 
cardioplegia in the saline vehicle is almost assuredly 
due to protective effects of potassium ion cardio- 
plegia alone. We consider our control groups ade- 
quate, atthough addition of a saline flush control 
group would have been useful to document any ef- 
fects of tne vehicle. 

Thank you. 
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and gentamicin. N Engl J Med 296:349-353, Feb. 197 


“amikacin provides the physicial 
with a better chance o 

Obtaining therapeutic blood level 
above and beyond the MI( 

of the organis 

in questio 


Klainer AS, Five questions: A comparati 
analysis of the newest aminoglycosid 
film Sept. 197 


“only one enzyme foung 

in gram-negative bacteris 
affected amikacin potenc 

whereas six enzyme 

affected gentamicin an 

sisomicin; five, kanamy 

cin and tobramycin anq 
four, netilmici 


Price K, et al: Amikacin activity, Am J Me 
(special issue) 14-24 June 197 
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In-vitro superiority "Ex 
against today's 
gram-negative 

hospital pathogens’ 


Against 409 bacterial isolates, Amikin* 
(amikacin sulfate) activity was compared 
to leading injectable antibiotics. None of 

these agents inhibited as high a percentage 40 


93.2% 





of strains as did Amikin. z z 38.6% 
r4 E — 
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Susceptibility determined by the agar dilution test — x z -s c T Q 
method, data on file, Bristol Laboratories. *Caution, in = TT] re) <q T = 
vitro data cannot be directly correlated to clinical < o j= OQ Q si 
effectiveness. 0 


COMPARATIVE AMINOGLYCOSIDE 
INACTIVATION IN SERUM* 


Least inactivated 
in combination 


When carbenicillin or ticarcillin is 

combined in vitro with ordinary 
aminoglycosides, a significant reduction in 
aminoglycoside activity may occur. 

Virtually unaffected in the presence of 
ticarcillin, Amikin is also minimally 
compromised by carbenicillin...while other 
aminoglycosides may lose up to 50% of their 
activity. 


% ACTIVITY 





Adapted from Holt HA, Broughall JM, McCarthy M, et 


al: Interactions between aminoglycoside antibiotics 0 6 12 18 24 
and carbenicillin or ticarcillin, /nfection INCUBATION (HOURS) 
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Amikacin Conc (mcg/ml) 


10 


Probably today's most 
important hospital antibiotic. 


AMIKACIN TOXIC LEVEL 


Amikacin 500 mg IM 
| (7.5 mg/Kg)* 


(in volunteers) 


AMIKACIN 
MEAN MIC 


hours 1 2 3 4 5 
AMIKACIN 


COMPARISON OF OTO- AND NEPHROTOXICITY 
IN ONE STUDY AS DETECTED BY AUDIOMETRIC 
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GENTAMICIN TOXIC LEVEL 
10 

Gentamicin 1 mg/Kg IMT 

GENTAMICIN 

MEAN MIC* 
0 

6 7 8 hous 12 3 4 5 6 7 


& RENAL FUNCTION MONITORING 





AMIKIN 
TREATED 
PATIENTS 

(27) 





23.1% 


GENTAMICIN 
TREATED 
PATIENTS 

(26) 





GENTAMICIN 


Well tolerated 


Broader 
therapeutic index 


Amikin’s Toxic-to-Therapeutic Index 

(ratio of toxic serum level to Mean MIC) 

is three times greater than the next leading 
aminoglycoside! 





Because individual patient serum levels may 
vary from statistical averages, Amikin’s broader 
margins reduce the risk of subtherapeutic 

or toxic dosage. 


* Data on file, Bristol Laboratories 

tConcentration curves adapted from: Winter RE, 
Litwack KD, Hewitt WL: J infect Dis 124 (suppl): 
590-595, December 1971 





As with other aminoglycosides, 
adverse auditory and renal reac- 
tions may occur at higher doses, 
reversible in some instances. But, 
in a study comparing the oto- and 
nephrotoxicity of amikacin and 
gentamicin among 53 monitored 
patients, Amikin demonstrated a 
significantly reduced side effects 
risk. (Other published studies 
have shown little or no differences 


in toxicity). 


Special Note: In Amikin clinical trials, hearing 
loss was rarely clinical and usually an audiogram 
was needed to identify such a loss. Adverse 
renal reactions due to Amikin usually consisted 
of elevations of serum creatinine and/or BUN, 


which were usually reversible. 


Adapted from Lerner SA, Seligsohn R, and 
Matz GJ. Comparative clinical studies of 

ototoxicity and nephrotoxicity of amikacin 
and gentamicin. Am J Med (special issue): 


113-117, June 1977. 


Please see brief summary of prescribing information following. 











AMIKIN 


AMIKACIN SU LFATE 
Probably today's most important hospital antibiotic. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN® (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: 

Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestib- 
ular, can occur in patients treated at 
higher doses or for periods longer than 
those recommended. The risk of amikacin- 
induced ototoxicity is greater in patients 
with renal damage. High frequency deaf- 
ness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in 
infants is not known. Until more safety 
reports become available, amikacin 
should be used in infants only in those 
specific circumstances when suscepti- 
bility testing indicates that other amino- 
glycosides cannot be used or are 
otherwise contraindicated, and when the 
infant can be observed closely for 
evidence of toxicity. 

Aminoglycosides are potentially nephro- 
toxic. Renal and eighth-nerve function 
should be closely monitored in patients 
with known or suspected renal impairment 
and also in those whose renal function is 
initially normal but who develop signs of 
renal dysfunction during therapy. 
Evidence of impairment in renal, vestib- 
ular or auditory function requires discon- 
tinuation of the drug or dosage adjustment. 

Serum concentrations should be 
monitored when feasible, and prolonged 
concentrations above 35 mcg./ml. should 
be avoided. Urine should be examined 
for increased excretion of protein, cells 
and casts. 

Concurrent and/or sequential use of 
topically or systemically neurotoxic or 
nephrotoxic antibiotics should be avoided. 

Amikin should not be given concur- 
rently with potent diuretics. 

Usage in Pregnancy: Amikin should be 
used in pregnant women only when 
clearly needed. 


Indications: 
Serious infections due to susceptible strains 
of Gram-negative bacteria including pseu- 
domonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 
acinetobacter sp. Culture and sensitivity 
studies should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia 





(including neonatal sepsis); in serious infec- 
tions of the respiratory tract, bones and joints, 
central nervous system (including meningitis) 
and skin and soft-tissue; intra-abdominal 
infections (including peritonitis); and in 
burns and post-operative infections (includ- 
ing post-vascular surgery). Clinical studies 
have shown Amikin (amikacin sulfate) also to 
be effective in serious complicated and re- 
current urinary tract infections due to these 
organisms. Aminoglycosides, including 
Amikin injectable, are not indicated in un- 
complicated initial episodes of urinary tract 
infections unless the causative organisms 
are not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed 
to identify causative organisms and their 
susceptibilities to amikacin. Amikin may be 
considered as initial therapy in suscected 
Gram-negative infections and therapy may 
be instituted before obtaining the results of 
susceptibility testing. Clinical trials demon- 
strated that Amikin was effective in infections 
caused by gentamicin and/or tobramycin 
resistant strains of Gram-negative organisms, 
particularly Proteus rettgeri, Providencia 
stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision to continue 
therapy with the drug should be based on 
results of the susceptibility tests, the severity 
of the infection, the response of the patient 
and the important additional considerations 
contained in the "Warning" box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be 
considered as initial therapy under certain 
conditions in the treatment of Known or 
suspected staphylococcal disease such as, 
severe infections where the causative organ- 
ism may be either a Gram-negative bacterium 
or a staphylococcus, infections due to 
susceptible strains of staphylococci in 
patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative 
infections. 

Amikacin may be indicated in the treatment 
of neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot 
be used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated be- 
cause of the possibility of infections due to 
Gram-positive organisms such as strepto- 
cocci or pneumococci. 


Contraindications: 
A history of hypersensitivity to amikacin. 


Warnings: 
See “Warning” box above. 


Precautions: . 
Amikin is potentially nephrotoxic, ototoxic, 
and neurotoxic. The concurrent or serial use 


of other ototoxic or nephrotoxic agents should 
be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, 
neomycin, streptomycin, cephaloridine, 
paromomycin, viomycin, polymycin B, colistin 
and vancomycin as well as certain diuretic 
agents such as ethacrynic acid or furosemide. 


Adverse Reactions: 
Ototoxicity—See “Warning” box. 
Nephrotoxicity—Albuminuria, presence of 
red and white cells, casts, azotemia and 
oliguria have been reported. 
Other— Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual I.M. or I. V. dose with normal renal 
function is 15 mg./Kg./day divided into 2 or 
3 equal doses administered at equally- 
divided intervals. For the heavier individual 
(greater than 100 Kg.), the total daily dose 
should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns 
(see box "Warning ), it is recommended that 
a loading dose of 10 mg./Kg. be admin- 
istered initially to be followed with 7.5 mg./ 
Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 
days. The total daily dose by all routes of 
administration should not exceed 15 mg./ 
Kg./day for the average-weight person. In the 
unusual circumstances where treatment be- 
yond 10 days is considered, the use of Amikin 
should be reevaluated and, if continued, 
renal and auditory functions should be 
monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concen- 
trations should be monitored by appropriate 
assay procedures. Doses may be adjusted in 
patients with impaired renal function either 
by administering normal doses at prolonged 
intervals or by administering reduced doses 
at a fixed interval. 

The solution for intravenous use is pre- 
pared by adding the contents of a 500 mg. 
vial to 200 ml. of sterile diluent such as 
Normal Saline or 595 Dextrose in Water or 
any other compatible solution. 

The solution is administered over a 30- to 
60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use 
sterile aqueous solution: 100-mg., 500-mg., 
and 1.0-Gm. vials. 


BRISTOL LABORATORIES 
BRISTOI? Division of Bristol-Myers Co. 
Syracuse, New York 13201 
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design technology to give you: 





Virtually no 
clot build-up 


Superior non-clotting and non-wettable properties inherent in 
AXI OM's special silicone formulation virtually prevents clot 
build-up within the catheter and clot formation about the 
drainage eyes. This maximizes drainage, sustains constant flow, 
and greatly eases post-operative care. 





No leaching 
plasticisers 


AXI OM's special silicone formulation is totally inert, non-pyrot 
and overcomes the inherent problems of polyvinyl chloride. It 

contains NO chemical additives which can leach from the cathe 
and migrate into the patient's system with potentially toxic effi 


The feel and 
flexibility of rubber 


Easy to position, the AXIOM. silicone thoracic drapes easily 
and conforms readily to all anatomical contours. The catheter i 
pliant and gentle to delicate tissues; yet strong, it remains pater 
resisting kinking and collapse. 
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PROTECT 
. YOURSELF! 


An Essential New Book 
for All Physicians 


The malpractice claim is a major threat to you, the 
physician. Now you have help. Little, Brown's new book 
MALPRACTICE: A TRIAL LAWYER' S ADVICE FOR 
PHYSICIANS provides specific methods for reducing your 
chances of incurring a malpractice claim and, if a claim is 
made, for increasing your chances of successfully 
defending against it. 
































Written by a trial attorney who has specialized for many 
years in medical malpractice suits, the book is fascinating, 
comprehensive, and informative reading. The table of 
contents (reprinted below) indicates Mr. Alton's detailed 
advice: from how to minimize the chance of lawsuit by 
personalizing your treatment and keeping accurate records 
to an explanation of pretrial, trial, and posttrial activity, 
including settlements and appeals. Throughout the book, 
Mr. Alton presents practical examples and excerpts from 
courtroom testimony to teach the law, its implications, and 
the precautions you can take in each setting of medical 
care from treatment in your office to hospital and 
emergency situations. 


Thorough, frank, and highly readable, MALPRACTICE 
provides essential information for any physician who is 
concerned about the threat of a lawsuit. Protect yourself. 
Read MALPRACTICE: A TRIAL LAWYER'S ADVICE 

FOR PHYSICIANS. 

230 pages. #035009, $9.95 





Contents: 
1. What is Medical Malpractice? 
2. The Doctor-Patient Relationship ORDER TODAY Clip and mail to: 
3. Defensive Practicing 
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5. Suit-Producing Activity and Little. Brown an d Com pany 
^ 


Special Situations 
Medica! Division 


6. Minimizing the Chance of a Suit 
200 West Street, Waltham, MA 02143 


7. Prelawsuit and Pretrial Activity 
8. The Lawsuit before Trial Please send me copies of Altons MALPRACTICE: 








9. Settlement A TRIAL LAWYER'S ADVICE FOR PHYSICIANS 
(#035009-88D1) @ $9.95 on 30-day approval. 

DETR O Bill me. C] Check enclosed. 
11. Appeals — 
12. Conclusion (Please print) 
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In U.S. publisher pays postage and handling charge if check 
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Reduction of Intraoperative Myocardial 
Infarction by Means of Exogenous Anaerobic 
Substrate Enhancement: Prospective Randomized Study 


David M. Lolley, M.D., Jefferson F. Ray, IIL, M.D., William O. Myers, M.D., 
Gregory Sheldon, P.A., and Richard D. Sautter, M.D. 


ABSTRACT In a prospective study, patients who 
had an ejection fraction of 40% or more and who 
were undergoing elective coronary artery operation 
were randomly divided into three groups that dif- 
fered in the method of anaerobic substrate enhance- 
ment during cardiopulmonary bypass. Group 1, the 
controls (n — 157), received no additional glucose, 
insulin, and potassium solutions and experienced 
immediate spontaneous defibrillation (1096), trans- 
mural myocardial infarction (10.3%), malignant 
ventricular arrhythmias (26%), and severe atrial ar- 
rhythmias (2096). Group 2 (n — 120) received a bolus 
of hypertonic glucose, insulin, and potassium in the 
pump perfusate before aortic cross-clamping. In this 
group, the rate of spontaneous defibrillation was 
4196, of transmural infarction, 8.396, of malignant 
ventricular arrhythmias, 31%, and of severe atrial 
arrhythmias, 1996. Group 3 (n — 114) had the aortic 
root continuously infused with glucose, insulin, and 
potassium solution at 4°C during aortic cross- 
clamping. This group was significantly improved; 
the rate of spontaneous defibrillation was 6096, there 
were no transmural: myocardial infarctions and the 
incidence of severe atrial arrhythmias was 696 and 
that of malignant ventricular arrhythmias, 5%. It is 
proposed that the superior clinical results in Group 3 
resulted from better myocardial preservation 
achieved by more efficient means of providing con- 
tinuous anaerobic substrate, coronary washout, and 
elution of lactic acidosis, uniform global hypother- 
mia, and direct supplemental myocardial potassium 
in addition to mere cardioplegic effects. 


Intraoperative myocardial infarction and its 
sequelae have detracted from the benefits of 
myocardial revascularization operation for isch- 
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emic heart disease [17, 23, 29]. Interruption of 
regional or total myocardial blood flow con- 
taining oxidative anaerobic energy substrates 
occurs at some point during most coronary ar- 
tery operations. It has been presumed that most 
myocardial cell necrosis occurs at this time 
when the cells are deprived of sufficient energy 
for cell maintenance and convert to anaerobic 
metabolism, which is insufficient for myocar- 
dial energy needs and causes a buildup of toxic 
acidotic metabolites [4, 7, 8, 15]. Many laboratory 
experiments involving isolated muscle and car- 
diac preparations have demonstrated lessen- 
ing of the detrimental effects of anoxia and 
anaerobiosis when enhanced anaerobic sub- 
strate is supplied and lactic acidosis is reduced 
[3, 18, 20, 21, 22, 24. 

Earlier investigations by the principal author 
of this report indicated that enhancement of ex- 
ogenous anaerobic energy substrate in the form 
of moderate hypothermic glucose-insulin- 
potassium and sodium bicarbonate solutions 
infused continuously into the coronary bed 
during cardiac anoxic intervals and cardiopul- 
monary bypass achieved highly significant de- 
grees of preservation of the canine myocardium 
[9, 12]. Infusion of the aortic root with such so- 
lutions enabled the heart to be continually 
supplied with enhanced anaerobic substrate 
during the ischemic interval. Infusion also 
permitted the elution of lactic acid, the admin- 
istration of direct cardiac buffer, and a more 
efficient method for achieving global and sym- 
metric transmural hypothermia. This study was 
undertaken to determine if similar beneficial . 
effects could be achieved in the human subject 
and reduce the incidence of intraoperative 
myocardial infarction and associated morbidity 
and mortality. 


Two approaches for anaerobic substrate e AME 


hancement were investigated. The first fin’ ~ 
volved preloading the heart with systemi 
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hypertonic glucose solution before the onset of 
cardiac ischemia [20]. Preloading the heart with 
systemic 10% dextrose in water and insulin 
before cardiac anoxia was shown by Hiatt and 
associates [13] to reduce subsequent cardiac 
damage after coronary artery ligation. The sec- 
ond method consisted of directly supplying 
glucose to the myocardium continuously dur- 
ing the ischemic intervals, as suggested by 
Lolley and Hewitt [19] and can be considered to 
be an extension of the concept of “multidose” 
cardioplegia [1, 9, 10, 19]. 


Method 

In a prospective study, 441 patients who had 
good left ventricular function (ejection fraction 
of 40% or more) and no aneurysms or valve or 
septal problems and were undergoing elective 
coronary artery operation requiring from one to 
four coronary artery bypass grafts for ischemic 
heart disease were divided by random selection 
into three groups that differed in method of 
anaerobic substrate enhancement during car- 
diopulmonary bypass. The study period was 
from January 1, 1975, through January 1, 1978. 
Eligibility for randomization into the study was 
based on ejection fraction and number of 
bypass grafts. No attempt to match patients by 
cardiac class was made. Nearly all patients 
underwent reverse saphenous vein bypass 
grafting with rare cephalic vein or internal 
mammary artery grafting. Cardiopulmonary 
bypass was carried out according to standard 
techniques, which employed systemic (28°C) 
and topical hypothermia (ice saline slush in the 
pericardial well), cold cardiac standstill, inter- 
mittent aortic cross-clamping with three- to- 
five-minute reperfusion intervals, and venting 
the left ventricle for left atrial pressure rising 
above 20 mm Hg. All operations were per- 
formed by one cardiac surgeon with the help of 
two physician’s assistants. The pump perfusate 
was Normosol-R (pH 7.4) containing 4 mEq of 
potassium chloride per liter and 50 gm of man- 
nitol, but no glucose or insulin. The hemodilu- 
tion factor was 16 ml per kilogram of body 
weight for all patients. A bubble oxygenator 
and roller pumps were utilized with high flow 
perfusion at 70 ml per kg and maintenance of 
mean arterial pressure at the preoperative level. 


All distal anastomoses were made before prox- 
imal anastomoses. Warming was effected dur- 
ing the last aortic cross-clamping, and imme- 
diate defibrillation was accomplished either 
spontaneously or electrically as soon as the 
cross-clamp was released. 

Group 1 (n = 157, control) had no supple- 
mental glucose, insulin, and potassium so- 
lutions. Additional potassium was given dur- 
ing the operation by the anesthesiologist 
depencing on the serum potassium level. 

Group 2 (n = 136, hypertonic glucose pump 
preloacing) had a solution containing 1.6 gm 
of glucose, 2.1 U of regular insulin, and 1.7 mEq 
of potassium chloride per kilogram of body 
weight added to the pump perfusate over a 
three-tc-five-minute interval after bypass was 
instituted, while cooling was in full force, and 
was completed before the first cross-clamping. 
This m:xture was compounded by adding ap- 
propriaze amounts of potassium chloride, reg- 
ular insulin, and 50% dextrose in water to 1,000 
ml of 5% dextrose in water. The osmolality of 
the mixture was 2,620 mOsm, and sodium 
bicarbonate was added until the pH became 
7.4. 

Group 3 (n = 149, aortic root infused with 
glucose, insulin, and potassium solution [GIK]) 
had the aortic root cannulated with a No. 16 
polyethvlene cannula proximal to the aortic 
cross-clemp which was infused under gravity 
pressure with a solution of 596 dextrose in 
water ccntaining 20 mEq of potassium chloride, 
4.4 mEa of sodium bicarbonate, 12.5 gm of 
mannitcl, and 20 U of regular insulin per 
1,000 m. at 4°C during aortic cross-clamping. 
The infusion rate was 300 ml per fifteen minutes 
and was continuous during each period it took 
to compte each distal anastomosis. Cold arrest 
had usually occurred before the infusion was 
started. The pH of the solution was 7.78 and its 
osmolalizy was 350 mOsm. A mean volume of 
1,125 ml (range, 450 to 2,100 ml) was used in 
each pazient. In-line infusion pressure was 
usually Z5 to 40 mm Hg. In select patients, the 
coronary sinus was cannulated with a 12F ve- 
nous carnula and samples for glucose, lactic 
acid, pH, sodium, and potassium determina- 
tions were obtained from the effluent during 
cross-clamping and GIK infusion. In a few pa- 
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tients, the small end cardiac veins draining the 
left ventricle were cannulated with 25 gauge 
needles in order to get a clear, blood-free 
effluent for the determinations just mentioned 
during cross-clamping. 

Left atrial and systemic arterial pressures 
were kept in physiological range by appropri- 
ate vasopressors, fluids, blood transfusion, or 
intraaortic balloon if necessary. Electrolytes, 
serum glucose, and blood gases (arterial and 
venous) were monitored at frequent intervals 
during and after the operation and kept with- 
in physiological range in all patients. Quanti- 
tated creatine phosphokinase myocardial band 
(CPK-MB) isoenzyme levels were measured at 
8-hour intervals for 48 hours in most patients. 
Levels of serum glutamic oxaloacetic trans- 
aminase (SGOT), lactic dehydrogenase, and 
CPK and electrocardiograms were monitored 
daily on the first, second, third, and seventh 
postoperative days. In the latter part of the 
study, a technetium pyrophosphate cardiac 
scan was obtained on the third postoperative 
day if the patient’s clinical status permitted. 
Osmolality of the serum and infusates were 
measured before, during, and after bypass in 
select patients. 

Patients were usually monitored for ar- 
rhythmias by telemetry for an average of five 
days. All atrial disturbances were recorded as 
follows: “none,” if no atrial arrhythmias other 
than scattered paroxysmal atrial contractions 
were observed; “mild,” if there were short pe- 
riods of atrial fibrillation, atrial flutter, or 
paroxysmal atrial tachycardia which lasted less 
than one day and resolved spontaneously with 
only minimal drug manipulation; and "se- 
vere," if the arrhythmias lasted more than one 
day or needed multiple drugs in large amounts, 
if cardioversion was necessary to restore normal 
sinus rhythm, or if the patient remained with 
an arrhythmia at discharge. 

Ventricular arrhythmias were graded as fol- 
lows: “none,” if no paroxysmal ventricular 
contractions (PVCs) were observed; “mild,” if 
only occasional unifocal PVCs (fewer than 10 
ectopic beats per minute) were observed for less 
than one day; "severe," when there were fre- 
quent multiple multifocal PVCs, prolonged 
PVCs greater than 10 per minute, and bigeminy 


requiring high doses of lidocaine and other an- 
tiarrhythmia drugs and lasting more than one 
day; and "malignant," when arrhythmias were 
ventricular tachycardia, salvos of PVCs, or 
ventricular fibrillation. 

The need for vasopressors to aid in coming 
off cardiopulmonary bypass or in the short- 
term recovery period was also observed and 
was graded as follows: "none," the patient re- 
quired no vasopressors at any time; "mild," the 
patient required less than 0.06 wg per kilogram 
per minute of Isuprel (isoproterenol hydro- 
chloride) or epinephrine or less than 0.6 pg 
per kilogram per minute of dopamine at some 
point in the recovery period; “heavy,” the pa- 
tient required more than 0.06 ug of epinephrine 
and Isuprel or more than 0.6 wg per kilogram 
per minute of dopamine for prolonged periods 
or to maintain adequate arterial blood pressure; 
and finally "severe," the patient required ex- 
traordinary amounts (double or triple the con- 
centrations just given), with multiple drug 
combinations of alpha and beta vasopressors 
and pharmacological unloading agents in order 
to maintain adequate cardiac output. The need 
for intraaortic balloon support was also com- 
pared. 

Patients were considered to have an un- 
equivocal transmural myocardial infarction if 
new or deeper Q waves and currents of injury 
were observed on two consecutive postopera- 
tive electrocardiograms, with associated eleva- 
tion of serum SGOT and peak serum CPK-MB 
levels above 100 IU, or strongly positive tech- 
netium pyrophosphate cardiac scan, or both. 

“Cardiac injury” was assumed if the patient's 
electrocardiogram or CPK-MB fractions did not 
demonstrate unequivocal changes compatible 
with infarction as just defined but whose 
course was compatible with some compromise 
of the heart (severe arrhythmias or vasopressor 
dependence) and who had suspicious moder- 
ately elevated SGOT and CPK-MB levels or only 
a positive scan without supporting electrocar- 
diographic or enzyme changes. These patients 
were recorded for completeness so that all levels 
of injury other than transmural infarction could 
be compared. Qualitative results were com- 
pared statistically between the groups by the 
chi-square method utilizing two by three ta- 
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bles. Quantitated means were compared statis- 
tically between the groups by Student f test 
(two-tail tables). 


Results ! 
Of the 442 patients initially randomized in this 
study, 157 patients were in Group 1, 120 re- 
mained in Group 2, and 114 remained in Group 
3 (35. patients in Group 3 and 16 patients in 
Group 2 were excluded from analysis because of 
nonadherence to operative protocol) (Table 1). 
These procedures involved continuous aortic 
cross-clamping with no periods of reperfusion 
between distal anastomoses. Because of the 
question of "reperfusion" edema and ischemia, 
these patients were not considered similar to 
the main body of patients and formed the nu- 
cleus for another study that will be forthcom- 
ing. | 

Mean ages for Group 1 (54.4 years), Group 2 
(56.3 years), and Group 3 (56.2 years) were 
statistically similar, as was the percentage of 
women in each group (Group 1, 20%—31 of 157 
patients; Group 2, 18%—21 of 120 patients; and 
Group 3, 26%-—30 of 114 patients). The inci- 
dence of prior myocardial infarction was similar 
in Groups 1 (4196, 64 of 157 patients) and 2 
(4596, 54 of 120 patients) and slightly higher in 
Group 3 (5896, 66 of 114 patients). Mean ejection 
fractions were similar for Group 1 (64.11 + 
13.6% SD), Group 2 (58.13 + 14.5% SD), and 
Group 3 (62.21 + 13.14% SD). However, left 
ventricular end-diastolic pressures (LVEDP) 
were higher for Group 3 (15.03 + 6.16 mm Hg 
SD; p < 0.05) than for Groups 1 (12.9 + 5.9 mm 
Hg SD) and 2 (12.67 + 4.28 mm Hg SD). 

Patient distribution was based on the Cana- 
dian Heart Association angina pectoris 
classification.* The distribution in Group 1 was 
27% (42 of 157 patients), 63% (100 of 157 pa- 
tients), and 1096 (15 of 157 patients) for Classes 
2, 3, and 4, respectively. In Group 2, the dis- 
tribution was 2896 (34 of 120 patients), 6196 (73 


"Canadian Heart Association angina classification: Class 
0—no angina pectoris, rest, 0; Class 1—only with strenuous 
or prolonged activity, rest, 0; Class 2— with rapid stairs, 
uphill, cold, or emotion, rest, 0; Class 3—with walking one 
to two blocks or a flight of stairs, rest, 0; Class 4—with any 
physical activity, rest +. From the Canadian Cardiovascular 
Society Committee, Nomenclature anc Grading for Coro- 
nary Artery Surgery, 1972. 


Table I. Bypass Operations. Performed in 391 
Patients during the Period January 1, 1975, to 
Januar 1, 1978 








Group 

Bypass 
Procedure 1 2 9 
Single 14 2 5 
Double 27 8 19 
Triple 76 67 53 
Quadruple 40 43 37 

Total 157 120 114 


of 120 patients), and 11% (13 of 120 patients) for 
Classes 2, 3, and 4, respectively. However, in 
Group 2, the distribution for Classes 2, 3, and 4 
was 1270 (14 of 114 patients), 65% (74 of 114 
patients), and 23% (26 of 114 patients)(p < 
0.01). The less favorable patient distribution in 
this grcup resulted from the exclusion of 35 pa- 
tients who were subjected to continuous aortic 
cross-clzmping, thereby introducing a negative 
bias to :he study and compromising the ran- 
domiza-ion process. Group 3 also had higher 
mean LVEDP, which reflected this unfavorable 
distribv-ion. 

The average number of grafts per patient for 
Group 1 was 2.98; for Group 2, 3.34; and for 
Group 2. 3.34. Mean aortic cross-clamp time in 
minutes for the groups was as follows: Group 1, 
44.23 + 1.21 SEM (standard error of the 
mean); Group 2, 47.90 + 1.26 SEM; and Group 
3, 48.04 + 1.48 SEM. These were statistically 
similar. Mean total bypass times in minutes 
were stalistically similar for Group 1 (97.16 + 
2.75 SELT), Group 2 (104.26 + 2.76 SEM), and 
Group 3 (108.58 + 3.35 SEM). 

During cardiopulmonary bypass, average 
peak glucose levels were higher for Group 2 
(790 mg per 100 ml; range, 515 to 1,100 mg) than 
for Group 1 (267 mg per 100 ml; range, 150 to 
500 ml) 2r Group 3 (412 mg per 100 ml; range, 
198 to 612 ml). Immediately after bypass, glu- 
cose levels were highest again in Group 2 (568 
mg per 100 ml; range, 0 to 210 ml), lower in 
Group 1 (375 mg per 100 ml; range, 150 to 600 
ml), and lowest in Group 3 (210 mg per 100 ml; 
range, % to 410 ml). Within a few hours, all 
blood gl.:cose levels were returned to less than 
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150 mg per 100 ml by administration of addi- 
tional insulin. Average serum potassium levels 
in mEq per liter rose to 4.5 (range, 2.5 to 6 mEq) 
for Group 1; 8.1 (range, 5.8 to 11.5 mEq) in 
Group 2; and 5.9 (range, 3.8 to 6.0 mEq) in 
Group 3. In the immediate postoperative pe- 
riod, if the serum potassium level was higher 
than 7 mEq per liter, it was returned to physio- 
logical range in all groups by additional ad- 
ministration of potassium chloride, Lasix 
(furosemide), and bicarbonate. 

In 10 patients in Group 3, the average glucose 
effluent from the coronary sinus during cross- 
clamping was 965 mg per 100 ml (range, 800 to 
2,200 mg). However, this material was con- 
taminated with blood, and conclusions as to 
exact myocardial uptake could not be reached. 
Average coronary sinus lactic acid was 18 mg 
per 100 ml (range, 13 to 30 mg), with an average 
systemic lactic acid of 15 mg per 100 ml (range, 
11 to 25 mg). Average effluent pH from the 
coronary sinus was 7.11 (range, 7.01 to 7.3), 
with a systemic venous pH average of 7.25 (7.2 
to 7.30 range). Average coronary sinus potas- 
sium in mEq per liter was 8.3 (range, 6.0 to 10 
mEq) with average systemic levels being 5.5 
mEq per liter (range, 4.1 to 6.5). 

In 5 Group 3 patients, asanguineous clear 
effluent was obtained from the end cardiac 
veins during GIK infusion and aortic cross- 
clamping. Because the hearts in Group 3 were 
being infused with GIK, the cardiac veins, 
coronary arteries, and myocardiums were soon 
washed free of blood, and the venous effluent 
and the leakage from the coronary arteriotomies 
became crystal clear. Average clear venous 
effluent levels were 3,500 mg per 100 ml for glu- 
cose (range, 3,095 to 4,010 mg) 31 mg per 100 ml 
for lactic acid (range, 15 to 60 mg), 7.10 for pH 
(range, 6.8 to 7.2), and 13.8 mEq per liter for 
potassium (range, 12.0 to 14.5 mEq). These data 
indicate myocardial uptake of glucose and 
potassium, elution of lactic acid, and some 
buffering effect since initial infusate concen- 
trations were as follows: glucose, 5,000 mg per 
100 ml; potassium, 20 mEq per liter, lactic acid, 
0.0 mg per 100 ml; and pH, 7.78. The average 
preoperative and postoperative serum osmolal- 
ity was 301 mOsm per milligram (range, 290 to 
311 mOsm) for all groups. However, during 


Table 2. Vasopressor and Balloon Support 





Group 
Category 1 (96) 2 (96) 3 (96) 
None 41 (64/157) 28 (33/120) 60 (68/114) 
Mild 29 (46/157) 33 (40/120) 27 (31/114) 
Heavy 19 (30157) 26 (31120) 12 (14/114) 
Severe 11(17157) 13 (16120) 1? (1/114) 
Balloon 2.5 (4/157) 3.3 (4/120) 0 


‘Significant, p « 0.001. 


cardiopulmonary bypass, it increased to 336 
mOsm per milligram (range, 320 to 346 mOsm) 
in Group 3 and to only 304 mOsm per milligram 
(range, 295 to 333 mOsm) in Groups 1 and 2. 

Differences between the cardiac behavior of 
the three groups were apparent initially after 
the aortic cross-clamp was applied. During the 
cardiac anoxic period, Group 3 hearts appeared 
to be softer, more flaccid, and in complete 
standstill while those in Groups 1 and 2 were 
stiffer and demonstrated more contractions and 
rigor for several minutes after the cross-clamp 
was applied, making retraction difficult. 

The differences were even more striking after 
the cross-clamp was released. Immediate 
spontaneous defibrillation occurred more fre- 
quently in the two groups treated with 
anaerobic substrate enhancement. The rate for 
Group 1 (10%, 16 of 157 patients) was far less 
than for Groups 2 (41%, 49 of 120 patients; p < 
0.01) and 3 (60%, 69 of 114 patients; p < 0.001). 

As the patients were being weaned from car- 
diopulmonary bypass and were in the short- 
term recovery phase, 3 hearts in Group 3 pa- 
tients appeared to contract more vigorously and 
to require fewer vasopressors for postbypass 
support (p < 0.01). Those in Groups 1 and 2 
required larger amounts of vasopressors for 
longer periods, and a greater number required 
multiple drug combinations of alpha and beta 
vasopressors and left ventricular unloading 
agents (Table 2). Eight patients in Groups 1 and 
2 required intraaortic balloon support com- 
pared with none in Group 3. Similar mean peak 
serum SGOT levels were obtained in Group 1 
(82.67 + 60.27 IU [SD]), Group 2 (124.72 + 24.72 
IU), and Group 3 (77.39 + 48.49 IU). How- 
ever, mean peak serum CPK-MB levels were 
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Table 3. Atrial Arrhythmias 





Group 
Category 1(%) 2 (96) 3 (96) 
None 66 (104/157) | 63 (751120) — 75 (85/114) 
Mild 14 (22/157) 18 (22/120) 19 (22/114) 
Severe 20 (31/157) 19 (23/120) 6? (7/114) 
‘Significant, p « 0.001. 
Table 4. Ventricular Arrhythmias 

Group 
Category 1 (96) 2 (9) 3 (96) 
None 34 (53/157) 23 (27/120) 64" (73/114) 
Mild 27 (42/157) 28 (34/120) 22 (25/114) 
Severe 13 (21/157) 18 (22/120) 9 (10/114) 
Malignant 26 (41/157) 31 (37/120) 5? (6/114) 


"Significant, p < 0.001. 


less for Group 3 (14.41 + 7.7 IU [SD]) at p « 0.025 
than for Group 1 (41.74 + 77.3 IU) and Group 
2 (41.0 + 56.01 IU). The incidence of atrial 
arrhythmias was similar in Groups 1 and 2, but 
severe atrial disturbances were significantly 
less in Group 3 at p « 0.001 (Table 3). No pa- 
tients in Group 3 required cardioversion. How- 
ever, the most striking effect was the reduction 
of severe ventricular arrhythmias in Group 3 
(Table 4). “Malignant” ventricular arrhythmias 
developed in only 5% of patients in Group 3, 
considerably less than in either Group 1 or 2 (p 
< 0.001). The need for prolonged monitoring, 
high doses of lidocaine or multiple antiar- 
rhythmic drugs was less for Group 3. An inci- 
dence of 11% and 15% suspected myocardial 
injury occurred in Groups 1 and 2 compared 
with only 2.7% in Group 3 (p < 0.05). This 
tended to parallel the CPK-MB information. 
The most significant result obtained in this 
study was the elimination of unequivocal 
transmural myocardial infarctions in Group 3 
(0) compared with patients in Groups 1 and 2 
who had 10.8% and 8.3% infarct rates, respec- 
tively (p < 0.01) (Table 5). There were no deaths 
in Group 3; there were 4 deaths resulting from 
intraoperative myocardial infarctions in Groups 
1and 2. One Group 1 patient who had a stormy 


Table 5. Transmural Myocardial Infarctions 








Group" 

Bypass 
Procedtre 1 (96) 2 (%) 3 (96) 
Single 7.0 (1/14) 0.0 (0/2) 0.0 (0/5) 
Double 7.4 (2/27) 12.5 (1/8) 0.0 (0/19) 
Triple 13.2 (10/76) 6.0 (4/67) 0.0 (0/53) 
Quadruple 10.0 (4/40) 11.6 (5/43) 0.0 (0/37) 

Total 

Percertage 10.8 (17/157) 8.3 (10/120) 0.0" 


?There were 3 deaths in Group 1, 2 in Group 2, and none in 
Group 3. 
y < 0.07 


course secondary to cardiac depression died of 
a pulmcnary embolus two weeks after opera- 
tion. 


Comment 

Results 5f the present study confirm the hy- 
pothesis that carbohydrate substrate in the 
form of exogenous glucose infusion directly 
into the myocardial vascular bed can result in 
substantal protection to the anoxic arrested 
hypothermic human heart, as indicated by sub- 
stantially less myocardial cell damage in Group 
3 patienzs. That the Group 3 patients repre- 
sented a poorer risk group gives the confirma- 
tion additional significance. 

Incidence of a transmural myocardial infarc- 
tion and suspected myocardial "damage," 
malignart ventricular arrhythmias, severe atrial 
disturbances, and need for heavy vasopressor 
support were significantly less in the Group 3 
patients, who received GIK infusion into the 
aortic root during aortic cross-clamping, than in 
the Grou» 1 control patients or the patients in 
Group 2 with the hypertonic glucose pump 
preloading. Increased supplies of glucose by 
both metaods of anaerobic substrate enhance- 
ment util.zed in Groups 2 and 3 did result in a 
significartly higher incidence of spontaneous 
defibrillation compared with control Group 1 (p 
« 0.01 for Group 2 vs Group 1, and p « 0.001 for 
Group 3 7s Group 1). This suggests that both 
methods can affect immediate electrical stabil- 
ity of the heart, although Group 2 did not reflect 
significantly lower indices of myocardial dam- 
age, as d:d Group 3 patients, compared with 
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controls. Significantly lower levels of peak 
CPK-MB measurements over a 48-hour period 
were seen in Group 3 compared with Groups 1 
and 2. The hearts in Group 3 were observed to 
be more flaccid and easier to handle during the 
operation and appeared to contract more vigor- 
ously after bypass. The decreased use of electri- 
cal defibrillation in Group 3 must be considered 
as a possible factor for that group having the 
best overall clinical behavior, but a similar rate 
of spontaneous defibrillation in Group 2 asso- 
ciated with poorer cardiac behavior seems to 
belie this supposition. The benefit of the adi- 
tion of potassium, bicarbonate, insulin, and 
mannitol to the glucose infusate as determined 
by lesser degrees of myocardial necrosis cor- 
roborates work of other investigators [7, 17, 20, 
32]. Continuous infusion during all periods of 
intermittent aortic cross-clamping supports the 
concept of multidose cardioplegia, resembling 
the method in Group 3 [3]. The transport of glu- 
cose and potassium across the cell membrane 
and the resultant salutary effects appear to re- 
sult from the availability of insulin, potassium, 
and alkalosis in combination with glucose 
during cardiac anoxia [24, 26, 28]. Addition of 
mannitol to make the infusate moderately 
hyperosmotic is in agreement with others who 
proposed that mannitol can result in reduc- 
tion of reperfusion edema and ischemia [33]. 
Hyperosmotic reduction of reperfusion edema 
could be a mechanism for the favorable results 
in Group 3 (infusate osmolality = 340 mOsm). 
However, in Group 2, average systemic blood 
osmolality during bypass was elevated to near 
this level (average arterial osmolality, 336 
mOsm; range, 320 to 346 mOsm). Hyperosmo- 
lality as achieved by the method in Group 2 did 
not appear :o lower the incidence of myocardial 
cell necrosis. Consistent and prolonged levels of 
hyperosmo ality may not have been attained by 
this technique. 

Potassium cardioplegia has been cemon- 
strated to benefit the myocardium in ex:ensive 
laboratory studies and has been suggested to do 
likewise clinically. However, most of the vehi- 
cles employed for administration of potassium 
in these reports contain notable amounts of glu- 
cose, as do many transplant preservation stor- 
age fluids [14, 30, 31]. The question of the degree 


of metabolic interaction between glucose and 
potassium during hypothermic anoxic cardiac 
arrest has not been fully answered but substan- 
tial basic science research has indicated that 
each facilitates the effect and transport of the 
other [16, 27, 28]. The data concerning glucose 
consumption obtained from the coronary sinus 
and cardiac vein effluents strongly suggest that 
the anoxic hypothermic human heart while on 
cardiopulmonary bypass consumes substantial 
glucose and produces lactic acid which can be 
eluted from the heart. Greenberg and his col- 
leagues [11] and Austen and associates [3] 
have likewise demonstrated consumption of 
glucose by the anoxic heart. The degree of 
anaerobic glycogenolysis in these experiments 
was directly correlatable with preservation of 
postanoxic and bypass cardiac function [11, 12]. 
Mavroudis and Ebert [22] demonstrated that 
low and moderate concentrations of potassium 
chloride with glucose can reverse ischemia- 
induced loss of intracellular myocardial potas- 
sium. Reversal of the effects of the cold and 
ischemia damaged  adenosinetriphosphatase 
(ATPase)-dependent sodium pump, which 
relies on high-energy phosphate regeneration 
by enhanced anaerobic metabolism genera- 
tion of ATP, is an attractive and plausible con- 
cept [19]. Cardiac muscle studies have demon- 
strated regeneration of high-energy phosphates 
during anoxia with enhanced utilization of 
anaerobic substrate (glucose or glycogen), sug- 
gesting that alternative critical energy utiliza- 
tion can play a positive role during the limited 
periods of cardiac anoxia employed for many 
procedures [25-27]. 

It is possible that in Group 3 the distribution 
of hypothermia and lower myocardial temper- 
ature was better, thereby contributing to better 
postarrest cardiac performance. Infusion of the 
coronary bed with hypothermic solutions 
achieves lower myocardial temperature and 
tends to reduce transmural temperature gra- 
dients [5]. However, Hewitt [12], Kappleman 
[17], and Lolley [19] and their associates dem- 
onstrated that although irrigation of the anoxic 
myocardium with moderately hypothermic 
inert solutions such as normal saline solution 
resulted in some protection, the addition of 
metabolic agents such as elevated glycogen, 
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potassium, or GIK markedly enhanced such 
protection [12, 19]. Greenberg and co-workers 
[11] reported that glucose added to hypothermic 
(profound and moderate) coronary perfusates 
during anoxic cardiac arrest and cardiopulmo- 
nary bypass enhanced the protective effects of 
core and topical hypothermia. They thought 
that the degree of myocardial protection was 
related to the enhancement of anaerobic metab- 
olism of glucose. 

The apparent failure to protect the myocar- 
dium by preloading the heart with hypertonic 
glucose by the method employed in Group 2 
was not answered by this study. A supposition 
must be entertained that elevation of glucose 
levels alone before a prolonged anoxic insult 
results in insufficient energy for cell main- 
tenance. It probably must be combined with 
the cardioplegic_effects of direct myocardial 
hyperkalemia and enhanced core and global 
hypothermia so as to reduce the energy de- 
mands of the heart to a level that can be met by 
this technique. Continuous infusion of glucose 
allows for supplying the heart with substrate 
during the entire anoxic period for replenish- 
ment. The concept of multidose cardioplegia 
suggests that replenishment of the various sub- 
stances in such solutions is necessary. In addi- 
tion, continuous infusion allows for adminis- 
tration of direct cardiac buffer and elution of 
lactic acid produced by enhanced anaerobiosis. 

Although many questions raised by this 
study are unanswered, the reduction of trans- 
mural myocardial infarction and sequelae in 
addition to lessening myocardial damage sug- 
gests that notable myocardial protection can be 
achieved clinically by infusing cold glucose, 
potassium, and insulin solutions directly into 
the myocardial vascular bed. The role each 
component plays must be reconciled in the 
basic science research laboratory. Research 
should be directed toward determining what 
are the optimal levels of glucose, potassium, in- 
sulin, and base as well as the role of calcium, 
osmolality, coronary washout, and proper level 
of myocardial hypothermia. 

The incidence of myocardial infarction and 
its sequelae can be reduced by anaerobic sub- 
strate enhancement during anoxic arrest. This 
appears to reduce mortality, as indicated by no 


deaths occurring in Group 3 patients. Continu- 
ous aortic root infusion of GIK solutions ap- 
pears to be the technique of choice because it 
affords (1) a flaccid heart in standstill, (2) 
supplies of anaerobic energy substrate and 
potassium during ischemic intervals, (3) elution 
of anaerobic metabolites from the heart, (4) 
ability -o provide direct cardiac buffer, and (5) 
ability -o achieve uniform global hypothermia. 
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Discussion 

DR. JOHN E. HUTCHINSON, III (New York, NY): In this 
era of resurgence of interest in cardioplegic so- 
lutions, I would like to emphasize that in most of 
the operations under discussion, hypothermic biood 
is a very suitable cardioplegic solution. After all, it is 
blood that is meant for the coronary arteries. Tech- 
niques are available for doing these operations with- 
out the use of cardioplegic solutions. 

At St. Luke's Hospital in New York City the com- 
plexity of coronary bypass procedures has increased 
from 1970 to 1978. More complete revascularization is 
being done, and triple, quadruple, and quintuple © 
distal anastomoses account for more than 6096 of the 
operations. We have recommended in the past that 
local isolation of the artery to be operated on pro- 
vides a suitable operative field when systemic 
hypothermia, ventricular fibrillation, and left ven- 
tricular decompression are used. Aortic cross- 
clamping is seldom required. For example, the cir- 
cumflex coronary artery is exposed by displacement 
of the ventricular apex into the right chest and is 
thereby isolated locally. 

Although an empty flaccid cardioplegic heart is 
easier to operate on, other problems such as vessel 
identification and air entry into the cardiac chambers 
and coronary arteries can pose additional complica- 
tions when cardioplegic techniques are utilized. 


DR. NOEL MILLS (Jefferson, LA): I would like to echo 
Dr. Lepiey's comments about temperatures, espe- 
cially with regard to this presentation by Dr. Lolley. 
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In this study, a liter of 14°C solution was injected into 
the aortic root, and more than likely the temperature 
of the perfusate was 28°C or higher. 

At the Ochsner Clinic we continue to use inter- 
mittent cross-clamp occlusion with anoxic arrest and 
very cold perfusate during cardiopulmonary bypass. 
We have had an incidence of perioperative myocar- 
dial infarction of less than 4%. 

One other point I would like to make concerns the 
clear solution of cardioplegia. We have heard of a 
number of instances when surgeons inadvertently 
have bypassed to a coronary vein rather than the 
coronary artery. Certainly this is a consideration, 
from the technical aspect, when using the cardio- 
plegic solution. 


DR. LOLLEY: Left ventricular function studies were 
performed in many of the patients in this paper and 
will be reported at another presentation. Continuous 
aortic root GIK infusion during the ischemic inter- 
vals did result in profound improvement of 
maximum rate of rise of left ventricular pressure 
(d,/d, max) and (d,/d, maxYIP (instant pressure), 
which is related to velocity of contraction (Vy) by 
the formula: 


(dd) P = Vem X coefficient of stiffness 


when compared with control hearts protected only 
by systemic and topical hypothermia. Although aor- 
tic rool GIK did improve contractility indices, this 
study was focused on its influence on myocardial ne- 
crosis end the clinical performance of the heart as a 
whole. We have seen evidence of myocardial infarc- 
tion and good or normal contractility indices. Many 
animal laboratory experiments done years ago dem- 
onstrated improvement of myocardial protection 
with glucose added to the effects of hypothermia, 
potassium arrest, and coronary washout. Cold also 
harms “he heart by paralyzing the ATPase sodium 
pump and promotes influx of sodium and loss of 
potassium. Glucose metabolism and enhanced 
potassium transport may help reverse cold damage. 
System:c temperature at about 25°C and topical 
hypothermia were utilized in all three groups. It has 
been demonstrated with the use of intramyocardial 
thermistor probes that aortic root GIK can reduce 
transmural temperature gradients. In select patients, 
coronary sinus effluent demonstrated uptake of glu- 
cose and potassium and lactic acid washout, sug- 
gesting metabolic activity. | 


Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1979 only, the two parts ot the examination 
will be given together. The time and place is 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion bezore the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI. 48205. 


Ventricular Venting during Coronary 
Revascularization: Assessment of Benefit 
by Intraoperative Ventricular Function Curves 


Gordon N. Olinger, M.D., and Lawrence I. Bonchek, M.D. 


ABSTRACT Although the physiological benefits of 
left ventricular venting during cardiopulmonary 
bypass have been documented experimentally, air 
embolus is still a concern clinically, and surgeons, 
therefore, continue to debate whether or not to vent 
routinely during coronary revascularization. In this 
study, 10 patients vented during revascularization 
and 10 not vented were studied immediately before 
and after cardiopulmonary bypass using Sarnoff 
ventricular function curves to assess changes in ven- 
tricular performance. Stroke work index by each pa- 
tient before and after bypass was compared at com- 
mon left atrial pressures and concomitant similar 
systemic resistances. In patients who were vented, 
there was overall no change in function (98 + 7% of 
control; range, 146-73%). In patients who were not 
vented, there was overall significant depression of 
function (67 + 5% of control; range, 91-45%, p < 
0.01). The overall absence of depression in patients 
who were vented, several of whom had very poor 
ventricles before bypass, strongly supports venting 
for coronary revascularization. 


The practical and physiological justifications for 
direct left ventricular venting during coronary 
revascularization are well known [6, 7, 16, 18, 
22]. During aortic occlusion, venting evacuates 
bronchial venous and overflow right atrial 
blood, preventing left ventricular distention 
and creating a dry and ultimately quiet field for 
distal coronary anastomoses. During periods of 
coronary perfusion, adequate venting decreases 
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wall tension, eliminates isovolumic systolic 
pressure work, and minimizes diastolic in- 
traventricular pressure opposing subendocar- 
dial coronary flow. These factors facilitate a 
favorable balance between subendocardial oxy- 
gen supply and subendocardial oxygen de- 
mand. 

The principal risk in venting is air embolus. 
Opponents of venting during revascularization 
believe this risk outweighs any practical or 
theoretical advantages and have developed 
techniques to make coronary revascularization 
feasible without it. Thus, while the majority of 
surgeons do employ venting [11], debate con- 
tinues regarding its use [1, 6, 25]. The question 
is whether venting affords a tangible enough 
measure of protection against myocardial dam- 
age to run the risk involved with this tech- 
nique. 

The skepticism of surgeons who do not vent 
routinely is understandable, since until now, 
clinical investigators have not examined this 
issue with indices of myocardial performance 
or damage sufficiently sensitive to discriminate 
between the myocardial protection afforded by 
venting versus not venting. In this study we 
assess the efficacy of ventricular venting by 
intraoperative application of a classic and very 
sensitive measure of the heart's ability to do 
work—the Sarnoff curve of ventricular func- 
tion. In a series of vented and nonvented revas- 
cularizations, the efficacy of venting appears to 
be substantial. 


Methods and Materials 

Patient Selection 

Patients included in this report had elective 
coronary revascularization at either the Mil- 
waukee County Medical Center or the Wood 
(Milwaukee) Veterans Administration Hospi- 
tal. Before the study was initiated, one of us 
had employed a  nonventing technique 
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whenever possible; the other had vented 
routinely. Our results with both techniques 
have been reported [4, 15]. To maintain consis- 
tency of venting and nonventing procedures 
throughout the study, patients not vented were 
revascularized by L. I. B. and vented patients 
by G. N. O. 

The 20 patients were divided into two groups 
of 10 patients each. The patients in Group 1 
were vented and those in Group 2 were not. 
The preoperative clinical status of all patients 
was similar. All but 2 (markedly positive stress 
tests postinfarction) were revascularized for 
progressive but not unstable angina. Six pa- 
tients had had previous infarcts, 2 in Group 1 
and 4 in Group 2; 10 were on a regimen of pro- 
pranolol, 6 in Group 1 and 4 in Group 2; and 
none had symptoms of failure. More of the pa- 
tients in Group 1 were hypertensive (6 versus 1) 
and had ventricular hypertrophy as demon- 
strated by electrocardiogram (5 versus 1). Pre- 
operative indices of left ventricular perfor- 
mance suggested somewhat better function in 
Group 2 although differences between the 
group means were not statistically significant: 
cardiac index, 2.9 L/min/m? in group 1 and 4.0 
Limin/m? in Group 2; left ventricular end- 
diastolic pressure, 12.0 mm Hg in Group 1 and 
9.1 mm Hg in Group 2; and ejection fraction, 
0.53 in Group 1 and 0.6 in Group 2. 

Extent of revascularization is reviewed in 
Table 1. There was a tendency toward more ex- 
tensive coronary disease in the Group 1 pa- 
tients. Two of them had 40% stenosis of the left 
main coronary artery (not included in the 
Table), and a third patient had 95% stenosis of 
the same artery. No patient in Group 2 had 
stenosis of the left main coronary artery. Multi- 
ple revascularizations were performed in each 


group. 


Operative Technique 

Except for venting or nonventing, and minor 
details of anastomotic technique applied vari- 
ously in individual patients by the two of us, 
conduct of operation was similar in both 
groups. For patients who were on a regimen of 
propranolol preoperatively, dosage was tapered 
during the 24 hours before operation. Anes- 
thesia in Group 2 patients (revascularized at 


Table 1. Extent of Revascularization in the 
Two Greups of Patients 


Grafts 
Qua- 
Patient Vessels Aver- Sin- Dou- Tri- dru- 
Group Diseased? age gle ble ple ple 
Vented 3.0 2.9 1 2 4 3 
Nonvented 2.8 2.4 1 4 5 


“Vessels d.seased are defined as having stenosis of the left 
main coronary artery of = 50% and stenosis of the anterior 
descendinz, circumflex, or right coronary arteries or of the 
large diagonal, marginal, or posterior descending branches 
of = 7096. 


one insttution) was induced with morphine (1 
mg per kilogram of body weight) and in Group 
l patierts (revascularized at another institu- 
tion) with diazepam and fetanyl chloride (40 to 
50 mg and approximately 0.25 mg per kilogram 
of body weight, respectively). This was the only 
difference in anesthesia technique. Muscular 
paralysis was obtained with pancuronium 
bromide, and anesthesia was maintained with 
balancec nitrous oxide and oxygen, with 
Fluothane (halothane) added intermittently in 
low doses (0.5 to 1.5%) for control of blood 
pressure. A stable state of anesthesia was 
maintained during evaluations of ventricular 
function made before and after cardiopulmo- 
nary bypass (CPB). 

CPB was established by cannulation of the 
ascendirg aorta and both venae cavae. The 
bubble cxygenator* was primed with 2 units of 
whole b_ood and 1 liter of balanced electrolyte 
solution Citrate in each unit of whole blood 
was neu-ralized with 5 ml of 10% calcium chlo- 
ride. The pH of the prime blood was between 
7:30 and. 7.35, and priming fluid was precircu- 
lated at =7°C. Saphenous veins were used for all 
revascularizations. All coronary anastomoses 
were done on CPB. Distal anastomoses were 
done du-ing periods of ischemic arrest limited, 
in general, to 15 minutes, and proximal anas- 
tomoses were done for each graft immediately 
after the respective distal anastomosis using a 
partial o2clusion aortic clamp and maintaining 
coronary perfusion with the heart beating. Pe- 


*William Harvey Research, Santa Ana, CA. 
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riods of coronary perfusion following ischemic 
arrest (payback time) always exceeded the pre- 
ceding occlusion time. Aortic perfusion pres- 
sure during CPB was maintained at greater than 
70 mm Hg by regulation of pump flow. Patients 
were weaned from CPB without assistance of 
alpha- or beta-adrenergic agents or calcium 
chloride. 


Vent Technique 

Venting was established through either the 
right superior pulmonary vein (1 patient) or the 
ventricular apex (9 patients). The vent line was 
decompressed to prevent muscle trapping of 
the vent cannula and suction of air around the 
cannula caused by excessive negative pressure. 
Suction was provided by a separate low-flow 
pump head, and the vent line was filtered be- 
fore return to the oxygenator reservoir. Fol- 
lowing aortic occlusion in each instance, ex- 
ternal digital compression of the aortic valve 
annulus rendered the valve insufficient and 
allowed complete evacuation of the proximal 
aorta with immediate cessation of antegrade 
coronary flow. Hearts were allowed to beat into 
asystole or to fibrillate spontaneously. On re- 
moval of the aortic cross-clamp, if regular 
rhythm did not resume spontaneously, hearts 
were defibrillated immediately. Vent sites were 
secured with pledgeted horizontal mattress 
sutures. A slotted needle was placed in the as- 
cending aorta with the patient in a head-down 
position, and the left ventricular apex was aspi- 
rated or bled directly to ensure complete evacu- 
ation of air from the left ventricle following vent 
removal. 


Nonvent Technique 

Nonvented revascularization was undertaken 
only if adequate venous return was apparent 
and if the heart could be maintained in a regu- 
lar rhythm during periods of hypothermic 
coronary perfusion. Failure to achieve either of 
these criteria resulted in conversion to the vent 
technique. Patients thus converted were ex- 
cluded from this report. Ischemic arrest without 
venting was accomplished as follows: The lungs 
were inflated maximally for 15 seconds to 
empty blood from the pulmonary bed. The aor- 
tic cross-clamp was then applied and the lungs 


were deflated completely. This provided a cen- 
tral vascular reservoir for overflow right atrial 
and bronchial venous blood. The proximal as- 
cending aorta was manually compressed to 
expel residual blood: The vigorous cardiac con- 
tractions that persisted after cross-clamping 
were stopped by a 5-to-10-second fibrillating 
direct-current impulse applied to the anterior 
right ventricle through a preplaced epicardial 
pacing wire. If a regular rhythm did not resume 
spontaneously on removal of the cross-clamp, 
the heart was defibrillated immediately. 


Evaluation of Ventricular Function 

In our operating rooms routine monitoring con- 
sists of central venous pressure (CVP), systemic 
arterial pressure (SAP), and left atrial pressure 
(LAP). Additional hemodynamic information is 
obtained from measurement of cardiac output 
(CO) with an electromagnetic flow probe.* CO 
is measured before and after CPB to assess both 
ventricular performance and systemic vascular 
resistance. Flow zero for CO determination is. 
preset electronically and is adjusted beat-to- 
beat as necessary using the flat diastolic portion 
of the phasic aortic flow signal as flow zero. 
Phasic and mean flow, pressure signals, and the 


electrocardiogram are recorded continuously on 


an eight-channel writer. Monitoring techniques 
and equipment are identical in both operating 
rooms. Pacing was not used in this study to 
control heart rate because pilot studies had 
shown that heart rate generally was not a sig- 
nificant variable before to after CPB. Further- 
more, pacing induces an artifact into the flow 
signal which could not be eliminated reliably at 
the time these studies were done. 

For generation of pre-CPB and post-CPB 
ventricular function curves, flow and pressure 
data were recorded during continuous infusion 
of blood from the oxygenator into the superior 
vena cava cannula. Infusions were begun at the 
lowest LAP compatible with systolic SAP of at 
least 80 mm Hg. To achieve this initial low 
preload, blood could be evacuated through 
the inferior vena cava cannula into the oxy- 
genator before infusion. Infusion was adminis- 
tered at a rate of 3 ml/kg/min; total volume was 


*Carolina Medical Electronics, Model 500D, King, NC. 
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limited by LAP, which was not allowed to ex- 
ceed 20 mm Hg, by obvious plateauing of the 
slope of the ventricular function curve or, oc- 
casionally, by oxygenator volume. Volume 
infused ranged from 450 to 1,600 ml (average of 
40 infusions, 920 + 39 ml). CPB was initiated as 
soon as the first, pre-CPB function curve was 
completed. The second, post-CPB function 
curve was done on termination of CPB before 
removal of caval cannulas and neutralization 
of heparin. 

For each millimeter of mercury change in 
LAP, stroke work index (SWI) was calculated by 
the formula: 


SWI (gm : m/m?) = (SAP — LAP) (mm Hg) x 
stroke index (ml/m?) x 0.0136 


and systemic vascular resistance index (SVRI) 
was calculated by the formula: 


SVRI (units - m?) = (SAP — CVP) (mm Hg) x 
cardiac index (L/min/m?)! 


Variation in ventricular function before CPB 
among patients with coronary disease necessi- 
tates that each patient serve as his own control. 
In each patient, the control (before CPB) curve 
was compared with the curve made after CPB 
only if the following predetermined criteria 
were fulfilled: (1) the observed range of LAPs 
was satisfactory and appropriate to each pa- 
tient's clinical condition, and (2) pre-CPB and 
post-CPB values of SWI at common LAPs were 
accompanied by SVRIs that varied from each 
other by no more than 1096. 

In order to make two groups of 10 patients 
each who meet the criteria established, 27 con- 
secutive patients had complete pre-CPB and 
post-CPB evaluations of ventricular function. 
Four other patients not vented were con- 
verted to the vent technique during operation 
and were excluded from study. 


Statistical Analysis 

Data within groups were analyzed for statistical 
significance of difference by paired Student t 
test. Data between groups were analyzed for 
statistical significance of difference by unpaired 
Student f test. Data are expressed as mean + 
standard error about the mean. 


Results 

Clinical 

Revascularization was accomplished with no 
deaths, no perioperative infarctions, and no 
need for postoperative positive inotropic sup- 
port. Eleven patients required nitroprusside for 
treatment of postoperative hypertension (7 in 
Group I and 4 in Group 2). There were no tech- 
nical complications with vent insertion or re- 
moval, and there was no clinical indication of 
air embo»lus during or after operation. 


Ventricu'ar Function 

Qualitative assessment of pre-CPB and post- 
CPB function curves revealed that Group 1 pa- 
tients responded to revascularization overall 
without deterioration in ventricular perfor- 
mance. Two patients were notably improved, 4 
had ver» little change, and 4 were mildly de- 
pressed. In contrast, none of the patients in 
Group 2 showed improvement; 1 patient 
showed essentially no change, 4 patients had 
mild depression, and 5 showed moderate de- 
pression of ventricular function. Representative 
function curves relating SWI to LAP and coin- 
ciding curves of SVRI plotted against LAP are 
seen in -igures 1 and 2. These curves demon- 
strate the quality of data generated with this 
type of evaluation and show representative de- - 
grees of depression. 

Quantttive evaluation of ventricular perfor- 
mance was derived from values of SWI for each 
patient at common pre-CPB and post-CPB 
LAPs and similar SVRIs, according to the crite- 
ria already described. These data for the 20 pa- 
tients are summarized in Table 2. Several points 
deserve emphasis. First, the LAPs at which 
SWIs were compared were similar for both © 
groups of patients and on average within a 
normal range (Group 1, 10.9 + 1 mm Hg, and 
Group 2, 8.4 + 1.2 mm Hg). Second, the ten- 
dency toward better ventricular function in the 
preoperazive data for Group 2 was substan- 
tiated before CPB by a greater average level of 
SWI (Graup 1, 49.0 + 7.1 gm : m/m’, and Group 
2, 66.7 + 4.0 gm - m/m?, p < 0.05). Third, in 
Group 1, average ventricular function was un- 
changed following revascularization (post-CPB 
SWI = 9€.8 + 6.9% of pre-CPB SWI); in Group 
2, average ventricular function was signifi- 
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Fig 1. Ventricular function and systemic resistance 
curves in a patient who underwent coronary bypass 
without venting. Postbypass curve is mildly depressed 
by a shift to the right without a notable decrease in 
"slope," suggesting depression due principally to de- 
creased compliance. 
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Fig 2. Ventricular function and systemic resistance 
curves in a patient who underwent coronary bypass 
without venting. Postbypass function is moderately 
depressed with decrease in "slope" as well as rightward 
shift of the curve, suggesting decrease in both contrac- 
tility and compliance. 


cantly depressed (post-CPB SWI = 66.5 + 596 of 
pre-CPB SWI, p < 0.01). Fourth, despite this 
overall depression of ventricular function in the 
group who were not vented, the absolute level 
of SWI remained in general within limits that 


could be considered normal at physiological 
filling pressures (44.8 + 5.1 gm - m/m’). This is 
consistent with the benign clinical courses of 
these patients. Fifth, SVRIs were similar before 
and after CPB for both groups; the apparent 
differences between groups were not statisti- 
cally significant. Sixth, heart rates at common 
LAP (not given in Table 2) were similar be- 
tween groups and similar overall, before CPB 
(84.4 + 2.3) and after CPB (86.7 + 2.7), indicat- 
ing that differences in CO contributing to al- 
tered SWI in these patients before and after CPB 
were generally due to changes in stroke vol- 
ume. 


Cardiopulmonary Bypass, Ischemic, 


and Payback Times 


Although the principal difference in conduct of 
operation between the two groups related to 
vent technique, other factors that could have 
biased results in favor of one group or the other 
were analyzed. CPB times (Group 1, 131 + 16 
minutes, and Group 2, 111 + 10 minutes) and 
total aortic cross-clamp times (Group 1, 32.7 + 
4.0 minutes, and Group 2, 34.9 + 3.3 minutes) 
were similar in both groups. Since a few more 
grafts were done in Group 1, the average isch- 
emic time per graft was slightly less in that 
group than in Group 2 (12.6 + 0.4 minutes and 
14.4 + 0.6 minutes, respectively, p « 0.05). 
"Payback" time (coronary perfusion time sub- 
sequent to periods of ischemic arrest) averaged 
82.4 + 12.1 minutes in Group 1 and 52.7 + 6.7 
minutes in Group 2. This difference was sig- 
nificant at the 0.05 level. 


Comment 

The purpose of this study was to evaluate one 
aspect of operative technique as regards its role 
in myocardial protection. We anticipated that 
differences in results of vented and nonvented 
revascularizations might be subclinical and 
therefore chose a means for evaluation of ven- 
tricular function that permitted controlled as- 
sessment of acute and possibly minor changes 
in cardiac performance. The Sarnoff ventricular 
function curve has been a standard method for 
in vivo evaluation of ventricular performance 
[23]. It has been used widely to assess cardiac 
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Table 2. Summary Data for Analysis of Ventricular Function 


Common 
LAP Pre-CPB SWI 

Patients (mm Hg} (gm : m/m?) 
VENT 

1 7 19.8 
2 11 40.7 
3 11 36.9 
4 10 56,6 
5 9 88.0 
6 9 57.5 
7 18 33.2 
8 9 55.2 
9 15 23.9 
10 10 78.5 

Mean 10.9 49.0 

SEM 1.0 7.1 
NONVENT 
11 6.5 70.0 
12 5 88.1 
13 10 69.9 
14 ' 11 67.8 
15 br 82.3 
16 i 16 47.9 
17 5 69.8 
18 11.5 62.6 
19 4 59.6 
20 10 49.0 

Mean 8.4 66.7 

SEM 1:2 4.0 


Post- PB Post-CPB 
SWI Pre-CPB SVRI SVRI 
(gm - m/m?) (units : m?) (units - m?) 
17.0 31.2 46.3 
43.0 19.2 21.5 
44.8 22.0 19.4 
53.0 22.4 22.0 
68.7 21.5 20.3 
42.2 33.2 32.4 
29.2 21.5 21.8 
51.6 38.0 34.0 
35.0 37.1 34.9 
72.1 17.0 14.5 
45.7 28.3 27.0 
5.3 3.9 3.0 
58.8 14.8 15.1 
80.3 23.3 21.1 
53.6 18.9 17.0 
38.5 20:5 19.6 
39.6 35.9 37.5 
36.6 13.3 12.5 
50.0 25.0 27.8 
23.2 19.5 20.7 
26.5 23.4 20.6 
30.9 26.8 29.1 
44.8 22.1 22.1 
51 2.0 2.4 


LAP = left atrial pressure; CPB = cardiopulmonary bypass; SWI = stroke work index; SVRI = systemic vascular resistance 


index; SEM = standard error about the mean. 


performance in the catheterization laboratory 
[3, 5, 8-10, 19, 21] and the intensive care setting 
[13, 20], and to a more limited extent in the 
operating room [2, 14]. The values of SWI ob- 
served by us before CPB correspond to data al- 
ready reported for coronary patients and corre- 
late well with each patient’s clinical condition. 
There was thus substantial foundation for ap- 
plication of this technique to evaluation of 
changes in ventricular performance postopera- 
tively. 

Use of the ventricular function curve to assess 
myocardial contractility requires the assump- 
tion that for any given intervention ‘the re- 
lationship of filling pressure to fiber length is 


constant, that is, that ventricular compliance 
does not change. In fact, changes in contractil- 
ity are cammonly associated with changes in 
complianze. The technique is valid, therefore, . 
only if overall changes in ventricular perfor- 
mance, ircluding both contractility and com- 
pliance, zre considered. Qualitatively, changes 
in contraczlity are reflected by shifts in "slope" 
of the function curves, and changes in com- 
plhance are indicated by lateral shifts in the 
curves. W2 observed that minor depression was 
frequenti: due to what appeared to be altered 
compliance (see Fig 1), while more notable de- 
pression seemed to represent both factors (see 
Fig 2). Ocantitative analysis in this study was 


ye 
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based on comparisons of SWI at common LAPs 
before and after CPB, and not on comparisons 
of “slopes,” which fail to reflect the shapes of 
function curves. 

An important methodological consideration 
in the clinical application of ventricular func- 
tion curves is control of afterload (impedance to 
ventricular ejection), accomplished in the ani- 
mal laboratory with control of SAP. We dealt 
with this issue by viewing SVRI as afterload 
and by analyzing changes in SWI at points on 
the pre-CPB and post-CPB function curves at 
which SVRIs, as well as LAPs, were similar. 
We think this concept is a valuable extension of 
the application of function curves to study 
clinical interventions and minor changes in 
cardiac function. Accounting for SVRI provides 
a consistent criterion for data analysis and frees 
investigators from the risk of biased interpreta- 
tion. 

This study shows that vented coronary revas- 
cularization facilitates preservation of function 
in most patients. Among the 10 patients who 
were vented, mild depression in SWI was seen 
after CPB in only 4. Post-CPB depression in the 
patients who were not vented was both more 
common and more profound. These patients 
tended to have better preoperative ventricular 
function, partly due to the fact that as the study 
progressed and adverse effects of nonventing 
were revealed, we became reluctant to use a 
nonventing technique with known left ven- 
tricular dysfunction. Thus, although post- 
operative SWI in patients who were not vented 
was depressed 33.596 overall, this depression 
was not significant enough to be recognizable 
clinically without reference to the preoperative 
control values. Patients undergoing the venting 
technique had poorer function before CPB and 
did not show significant depression after CPB. 
Had they shown depression of the percentage 
magnitude observed in the group not vented, 
SWI in some of the Group 1 patients would 
have fallen to a range compatible with low- 
output syndrome. The 2 patients in Group 2 
who had mild pre-CPB depression (Patients 16 
and 20, see Table 2) both had significantly 
greater depression after CPB, reinforcing our 
concern about not venting the ventricle that is 
already damaged. Whether such early post- 


revascularization depression is a precursor of 
further permanent injury is speculative. 

The differences in operative technique used 
for revascularization of these patients deserve 
comment. The first relates to anesthesia. Group 
1 had induction with Valium (diazepam) and 
fentanyl chloride, while Group 2 had induction 
with morphine. Morphine in high doses (1 mg 
per kilogram of body weight) is known to have 
a positive inotropic effect on cardiac perfor- 
mance, presumably due to secondary elabora- 
tion of catecholamines [24]. This effect persists 
with peaking as late as 30 minutes following 
morphine administration. The time from in- 
duction of anesthesia to performance of the 
pre-CPB function curve for the patients who 
were not vented ranged from 142 to 215 hours 
(average, 2 hours). Thus, the known peak effect 
of morphine was dissipated before the pre-CPB 
function curve, and the difference in anesthesia 
technique should not have biased the study. 

The second difference relates to ischemic 
arrest and payback times. Although total isch- 
emia times were similar (and average indi- 
vidual ischemia times differed by only 1.8 min- 
utes), the time spent in payback of ischemia 
with coronary perfusion was longer in Group 1. 
This is an advantage which accompanies the 
vent technique since when the ventricle is 
vented, it is usually possible to complete dis- 
section of arteries to be bypassed with the heart 
perfused, a dissection that may require isch- 
emic arrest with the nonvent techniques. 
Since an apical vent was used in most of these 
instances, additional time was spent at the end 
of CPB to secure the vent site. Nevertheless, 
total payback time even in the group that was 
not vented exceeded ischemic time by 34%, a 
margin that should be adequate for recovery 
from intermittent intervals of ischemic arrest 
averaging 14 minutes. We doubt that this dif- 
ference in payback time altered results notably, 
although any time spent in payback will be 
spent more efficiently in a vented heart that is 
not doing pressure work. | 

The third difference was that ventricular fib- 
rillation was used always to quiet the heart 
during nonvented ischemic arrest. In some in- 
stances of vented ischemic arrest, the heart fib- 
rillated spontaneously, but in many others the 
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heart beat slowly or became asystolic. Since 
oxygen demand is greater in the fibrillating 
state than in the slowly beating or asystolic 
state, cumulative ischemic injury might be ex- 
pected to be greater with nonvented revas- 
cularization. 

In the final analysis the operating surgeon 
must consider whether the benefits of venting 
outweigh its risks. Air embolus remains a con- 
cern when venting, and we take measures to 
prevent it in every patient. We now use the 
right superior pulmonary vein for ventricular 
access, thereby avoiding the occasional recog- 
nized hazards associated with closure of apical 


vent sites. The nonventing technique used in . 


this study can be employed in large series of 
patients with overall satisfactory clinical re- 
sults. Nevertheless, we are concerned about the 
acute depression of function that we observed 
in this study and the clinically occult damage it 
may represent. This is particularly germane 
when nonvented revascularization is used in 
patients with very poor ventricular function, 
unstable angina, or incomplete revasculariza- 
tion. The work of Pennock and associates [17] 
regarding efficacy of 100% left ventricular 
bypass in hearts compromised by ischemic in- 
jury is highly supportive of the concept that in 
the severely compromised ventricle, direct 
venting may be essential to satisfactory recov- 
ery. There is a definite risk of depressing ven- 
tricular function in all hearts, and, except for 
some patients with good ventricular function 
who require only single grafts, we now use 
venting routinely for coronary revasculariza- 
tion. 
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Discussion | 

DR. KIT V. AROM (San Antonio, TX): As you may re- 
call, at this meeting last year we presented our study 
on whether or not to vent the left ventricle. Cur re- 
sults indicated that if the cavae were not snared, 
there was very mild distention of the left ventricle 
without impairment of the coronary blood flow and 
myocardial metabolism. Therefore, :t would appear 
that our data are at some variance with those just 
presented. 

Several aspects of Dr. Olinger and Dr. Bonchek's 
study may acccunt for this apparent disparity. One is 
that the two groups of patients underwent operation 
at different hospitals by different surgeons with dif- 
ferent anesthesiologists and operating room per- 
sonnel. I am sure the equipment in each hospital is 
different, including the electromagnetic flowmeter. 
Calculating the stroke work index is highly de- 
pendent on the accuracy of this equipment. Also, 
different anesthetic agents were used at each hospi- 
tal, and ventricular fibrillation was initiated electri- 
cally only in the nonvented group. 

In addition, there may have been some variation in 
the preoperative indications seen by the car- 
diologists. The preoperative left ventricular function 
was considerabiy worse in the vented group. Thus, 
since the data are analyzed to show the change trom 
the preoperative value, it would be more difficult to 
show further depression in the vented group, who 
already had a greater degree of deterioration before 
bypass. 

It should also be noted that the inferior vena cava 
was occasionally snared in order to improve the ve- 
nous return in both groups. Our study demonstrated 
that this technique increases the amount of venous 
blood spilling over into the left heart and potentially 


causing left ventricular distention in the nonvented 
ventricle. Furthermore, even with exclusion of 2 pa- 
tients who had a prolonged payback time, payback 
time in the vented group was still 20 minutes greater 
than in the group not vented. b 

Finally, the different results in improvement of the 
contractility may depend upon the immediate pa- 
tency of the vein graft. This was not documented by 
either intraoperative angiography or flow study. 

Because of the multiple variables just mentioned, I 
don't believe that one can necessarily draw the con- 
clusion that the difference in left ventricular function 
change between the two groups is due to a single 
factor such as the presence or absence of a left ven- 
tricular vent. 


DR. EDWARD R. MUNNELL (Oklahoma City, OK): Dr. 
Olinger's nice presentation on ventricular venting is 
indeed welcome. We have used this adjunct for many 
years and have been pleased with it in cardiopulmo- 
nary bypass. With the technique, we favor sump 
drainage and have devised a system I would like to 


. share with you. 


With a utility knife, the surgical nurse modifies a 
commercially available plastic mucous suction trap. 
An opening is made in the top of the trap to break | 
pump suction and permit periodic trap overflow. The 
trap is clipped into a metal tray, which catches the 
overflow. The overflow can be returned to the patient 
periodically, using the cardiotomy sucker. From the 
trap, a tube connects this system with the extracor- 
poreal pump for return of blood to the patient. Blood 
from the left ventricular catheter, which is positioned 
by way of the right superior pulmonary vein, is de- 
livered to the sump trap with another tubing con- 
nection. 

This system permits drainage without suction 
from the ventricular chamber and a reservoir for pe- 
riodic surges of ventricular drainage. This device has 
functioned extremely well for us. 


DR. AGUSTIN ARBULU (Detroit, MI): I think that when 
the subject of whether to vent or not is raised, it is 
extremely important to describe carefully the tech- 
nique of insertion of the vent. At my institution, we | 
are "ventors." We have used the vent in a series of 
200 consecutive patients, with the aid of cardio- 
plegia. We have incurred no operative mortality and 
have a perioperative myocardial infarction rate of 
only 3%. 

I would appreciate it if the authors would define 
exactly how the vent was inserted and how it oper- 
ates because it can be a problem if it is not properly 
placed. 


DR. OLINGER: Í appreciate Dr. Arom's taking the time 
to go over our manuscript as carefully as he did. We 
addressed all of his concerns in the manuscript and 
considered our conclusions to be valid. I assure you 
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that the monitoring equipment at both hospitals is 
identical and that there was really very little dif- 
ference in the techniques of anesthesia and operative 
procedure despite the fact that these patients were 
operated on in two hospitals. 

As you all know, ventricular fibrillation is a neces- 
sary adjunct to nonvented techniques. For this rea- 
son one might expect to see a discrepancy in results 
between patients who are and those who are not 
vented. This is one of the issues addressed by this 
study. 

The question about depression of poor ventricles 
as opposed to depression of normal ventricles is an 
interesting one that concerned us as well. I think you 
all can appreciate that if during revascularization one 
were to deplete 40 to 50% of function from ventricles 
already depressed preoperativelv to a level that is 
half of normal, the result would be postoperative 
low-output syndrome consistent with the need for 


pharmacclogical support or intraaortic balloon 
counterpulsation or both these support methods. In 
the ventzd group, we not only avoided further de- 
pression. but actually saw improvement in some pa- 
tients. 

The d-:ference in payback time is one of the dis- 
crepancizs that concerned us. I reinforce what I men- 
tioned in the presentation, that at least 50% more 
time wes spent in payback in both the nonvented 
and the vented series than was spent during ischemic 
arrest. I: is clear, however, that payback is far more 
efficient in a vented heart than in a nonvented heart, 
a factor favoring the vent technique a priori. 

Dr. Munnell, yours is an interesting device. Of our 
patients, 9 were vented through the apex. We now 
vent almost exclusively through the right superior 
pulmonery vein directly into the left ventricle. We 
use a szparate roller pump with negative pressure 
limited Sy a valve connected to the vent catheter. 
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Nobody says that bronchoscopy is an easy procedure. That's why, 
when youre the one assuming the responsibility, it's important to know that 
youre using the world's most advanced bronchofiberscopes: Olympus. 

Olympus bronchofiberscopes are built for smooth, comfortable inser- 
tion and maneuverability. They go where you want them to go. At the same 
time, their superior optics provide you with the highest degree of image 
clarity and brightness, while their wide range of accessories complements 
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within the bronchial tree. The BF-B3 houses 
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INTRODUCING A 
BRONCHOFIBERSCOPE YOU 
CAN GET ALOT MORE 
OUT OF 


The new large-channel BF-1T greatly expands 
your biopsy capabilities because its larger, 
2.6-mm channel accommodates a greater 
array of cytology accessories and biopsy for- 
ceps. The larger channel also increases the 
instrument’s suction power, while an added 
adapter provides precise regulation of suc- 
tion with simple fingertip control, even 
during biopsy. The BF-1T is the broncho- 
fiberscope that delivers. 


opecial-purpose instruments also avail- 
able from the best-known line of pre- 
cision bronchofiberscopes: BF-4C2 
and BF-3C2 ultrathin bronchofiber- 
scopes; BF-2T two-channel broncho- 
fiberscope. 
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no other fiberscope Deuter can even come close to—in 
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The Effects of Intermittent Ischemic 
Arrest on the Perfusion of Myocardium 
Supplied by Collateral Coronary Arteries 


W. Randolph Chitwood, Jr., M.D., Ronald C. Hill, M.D., 
Leonard H. Kleinman, M.D., and Andrew S. Wechsler, M.D. 


ABSTRACT Six weeks after placement of an 
ameroid constrictor on the circumflex coronary ar- 
tery, blood flow in a collateral region was compared 
with flow in myocardium supplied by normal ar- 
teries during cardiopulmonary bypass (80 mm Hg). 
Myocardial blood flow was determined using 
radionuclide-labeled microspheres (8 to 10 u) before 
10 minutes of ischemic arrest and after 1, 5, and 10 
minutes of reperfusion. The retrograde circumflex 
pressure was monitored continuously and served as 
an additional index of perfusion of the collateral re- 
gion. 

During reperfusion, endocardial flow in the 
collateral region remained unchanged despite a 
threefold increase in a similar layer having normal 
arteries (p « 0.01). Following ischemic arrest, mean 
transmural and subendocardial hyperemic responses 
both persisted for longer than 10 minutes in nor- 
mal regions. Simultaneously, peripheral circumflex 


. pressures decreased at 1 and 5 minutes of reperfu- 


sion (p « 0.001) but returned to control within 10 
minutes. Persistently elevated endocardial flow in 
the normal arteries and the absence of a hyperemic 
response in the collateral region during an associated 
decrement in retrograde circumflex pressure may 
indicate incomplete flow repayment even after 10 
minutes of reperfusion. Marked transmural flow 
imbalances despite adequate coronary perfusion 
pressures suggest that intermittent ischemic arrest 
may cause cumulative ischemia, and this occurrence 
may be detrimental especially in collateral regions of 
myocardium. 
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Ischemic cardiac arrest has been employed 


frequently during both coronary artery revas- 


cularization procedures and valve replace- 
ment operations to provide a relatively asan- 
guineous, motionless operative site [13, 16]. In 
a recent survey, 87% of the 401 cardiac surgeons 
who responded used ischemic arrest to expe- 
dite coronary artery bypass procedures [23]. 
Numerous reports relate metabolic, functional, 
and structural myocardial damage associated 
potentially with this intervention alone [6, 12]. 
However, ancillary protective measures are 
used frequently in conjunction with ischemic 
arrest to minimize intraoperative ventricular 
injury while providing optimal operative con- 
ditions [14, 30]. In addition, for operations that 
necessitate prolonged periods of interrupted 
coronary blood flow, some surgeons prefer 
short intermittent intervals of ischemic arrest 
with intermediate reperfusion. It has been 
thought that shorter periods of aortic occlusion 
minimize myocardial depletion of metabolic 
substrates and that brief reperfusion ade- 
quately replenishes these substrates so that 
minimal ischemic debt occurs. Some con- 
troversy exists regarding this technique, and 
several reports have recently compared both 
clinical and experimental aspects of intermit- 
tent arrest with a single prolonged ischemia pe- 
riod [5, 20, 21]. 

Patients undergoing coronary revasculariza- 
tion procedures may have areas of functional 
myocardium supplied mainly by collateral 
coronary arteries [11]. The continued viability 
of these regions often depends on optimal 
intraoperative management. Previous labora- 
tory experiments have shown that collateral 
myocardium is particularly susceptible to 
marked blood flow imbalances that often occur 
during routine cardiopulmonary bypass (CPB) 
techniques used clinically [7, 18, 19]. The 
physiological effects of intermittent ischemic 
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arrest and subsequent reperfusion on pressure- 
flow characteristics in myocardium nourished 
predominantly by collateral coronary channels 
have not been determined. These studies were 
designed to elucidate these occurrences dur- 
ing CPB conditions that simulate most clini- 
cal situations. 


Method 

Myocardial reperfusion patterns were analyzed 
in 10 healthy dogs following three 10-minute 
periods of intermittent ischemic arrest. In each 
animal, one myocardial region was supplied 
mainly by collateral coronary vessels and an- 
other was nourished by normal coronary ar- 
teries. 

oix weeks before CPB studies, adult mongrel 
dogs weighing 24.1 + 1.1 kg were anesthetized 
with sodium pentobarbital (500 mg per kilo- 
gram of body weight), intubated, and me- 
chanically ventilated using a Harvard animal 
respirator (Fro,, 100%). Under sterile operating 
conditions, a small left thoracotomy was per- 
formed in the fifth intercostal space. The 
pericardium was opened, and a hydroscopic 
ameroid constrictor that was 2.5 or 2.77 mm in 
diameter (Three Point Products, Montreal, 
Canada) was placed on the proximal left cir- 
cumflex coronary artery distal to the left main 
coronary bifurcation [13]. The chest was closed 
using absorbable sutures, and the residual 
pneumothorax was evacuated by chest tube 
drainage. Dogs were treated for five days post- 
operatively with intramuscular injections of 
penicillin G procaine (400,000 U) and dihydro- 
streptomycin (0.5 gm). 

After 6 weeks of recovery, each dog was again 
anesthetized, intubated, and mechanically 
ventilated. Arterial blood gases before CPB 
were: Pos, 170 + 30 mm Hg; Pco,, 25 + 3 mm 
Hg; pH, 7.41 + 0.02; with Fig, of 40% in the 
presence of a hematocrit of 35 + 2 vol per 100 
ml. A median sternotomy was performed and 
fluid-filled polyvinyl chloride tubing (14 gauge) 
was inserted from the right subclavian artery 
into the aortic arch to monitor coronary perfu- 
sion pressures. Additionally, a left subclavian 
catheter was established for microsphere refer- 
ence flow determinations while a left ventricu- 
lar catheter was placed near the apex to monitor 


intracavitary pressures. Subsequently, the left 
circumflex coronary artery was isolated and was 
ligated immediately distal to the occluded 
ameroil constrictor. A small arteriotomy was 
perforr-ed, and the vessel was cannulated with 
a 16-gauge Teflon Longdwel IV catheter for 
measurement of retrograde perfusion pressures 
in the zircumflex-collateral system. Aortic, left 
ventricclar, and retrograde circumflex pres- 
sures were quantitated throughout each study 
using Model 1280 Hewlett-Packard transducers, 
synchrenously calibrated with a mercury man- 


‘ometer. Data were recorded by a Hewlett- 


Packarc (Model 7758-A) 8-channel direct- 
writing »scillograph and Model 8805C pressure 
amplifiers. Epicardial electrodes were posi- 
tioned on right and left ventricular walls to 
monitor electrocardiographic activity. Endo- 
cardial znd epicardial microthermistor probes* 
provided periodic intraoperative myocardial 
temperc-ure measurements. 

A Ha-vey bubble oxygenator (Model H1000) 
was primed with 2 to 3 liters of fresh hepa- 
rinized donor blood. The hematocrit of oxy- 
genator blood was maintained between 34 
and 38 vol per 100 ml (mean, 35 + 1) by adding 
either s:pplemental whole blood or Normosol 
R (pH, 7.4). Each dog then was heparinized 
(200 U per kilogram) systemically, and CPB was 
begun vsing left carotid perfusion (Fig 1). Ve- 
nous drainage was returned adequately to the 
oxygenasor by right atrial cannulation. The 
aortic arzh perfusion pressure was stabilized at 
80 mm g throughout each study by a Sarns 
Model 1200 pump console. A distal aortic snare 
maintained flow rates between 75 to 125 ml per 
kilogram. per minute during each bypass in- 
terval. -nmediately upon beginning extra- 
corporeal circulation, a large apical vent was 
positionzd in an avascular area to effectively 
decompress the left ventricle (0 mm Hg). 

The mnryocardial temperature was lowered 
graduallv to 32°C by oxygenator-heat exchanger 
perfusior cooling, and the heart then was elec- 
trically f-»rillated (2 seconds). After the initial 
alternating current stimulation, ventricular 
fibrillation continued spontaneously. During 


"Model 524 Yellow Springs Instrument Co, Yellow Springs, 
OH. 
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Fig 1. Cardiopulmonary bypass technique used during 
this study. Aortic arck perfusion was established by 
carotid cannulation, and venous drainage was ade- 
quately provided from the right atrium. Ischemic arrest — 
tas induced by clamping the aorta immediately above 
the coronary ostia. Retrograde perfusion pressure in the 
collateral system was determined by circumflex coro- 
nary cannulation distal to the occluding ameroia. Addi- 
tional catheters provided measurement of left ventricu- 
lar (LV) and aortic pressures as well as microsphere ref- 
erence blood jlow. The left ventricle was fully decom- 
pressed to 0 mm Hg by a large apical vent. 


these studies, bypass times ranged between 60 
and 120 minutes and pharmacological adjuncts 
were never used to alter blood pressure. 
Oxygenator Po, averaged 350 + 35 mm Hg while 
pH was maintained between 7.35 ard 7.47 
(mean, 7.39 + 0.02) by using supplemental 
sodium bicarbonate whenever necessary. 


Microsphere Blood Flow Determination 

Regional myocardial blood flow was deter- 
mined at specific bypass intervals using 8- to 
10-% carbcnized microspheres* labeled with 
IT, 41Ce, *Cr, Sr, or Sc. Before injection, 


*3M Manufacturing Co, Minneapolis, MN. 


LV PRESSURE 


microspheres were suspended in 10% Dextran 
and dispersed adequately by alternate vortex 
and ultrasonic bath agitation (1 to 2 minutes). 
Flow determinations were carried out by in- 
jecting 1 ml of this suspension (3.5 x 10$ 
spheres) into the arterial perfusion cannula over 
30 seconds during profuse mixing. A reference 
sample was obtained concomitantly from the 
subclavian catheter over 3 minutes (15 ml per 
minute). The efficacy of this microsphere injec- 
tion technique has been established previously 
in this laboratory [19]. 

At the termination of each study, the heart 
was extirpated and intracoronary Renografin 
60 (diatrizoate meglumine and diatrizoate so- 
dium) was injected to confirm ameroid clo- 
sure and collateral development. Thereafter, 
hearts were immersed in 1096 buffered formalin 
for five to seven days. Following fixation, 
epicardial fat and large superficial vessels were 
removed. Left ventricles then were divided into 
five regions: (1) anterior wall, (2) anterior pa- 
pillary, (3) lateral wall, (4) posterior papillary, 
and (5) posterior wall (Fig 2). Subsequently, 
each regional section was layered into sub- 
epicardial, epimyocardial, endomyocardial, and 
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Fig 2. After the death of each dog, the heart was divided 
into a region nourished by normal coronary arteries (A, 
AP) and a zone supplied mainly by collateral coronary 
arteries (PP, P). The marginal area (L) was supplied by 
both normal and collateral channels. Subsequently, each 
region was layered in four transmural pieces from 
epicardium (1) to endocardium (A), respectively. (S = 
septum.) 


subendocardial laminae of equal thickness. 
A thin transmural slice was included to define 
mean transventricular flow for each region. In 
these ameroid hearts the posterior papillary re- 
gion was dependent predominantly on collat- 
eral coronary vessels while the anterior region 
consisted of myocardium supplied by normal 
coronary arteries. The lateral wall represented 
an intermediate region perfused by both nor- 
mal and collateral vessels. Microscopic sections 
stained with hematoxylin and eosin were made 
of regions nourished by collateral coronary ar- 
teries to identify any myocardial infarction in- 
duced by premature ameroid occlusion. 
lissues subsequently were weighed and 
quantitatively analyzed for gamma radioactiv- 
ity in a Beckman Biogamma Counter. After 


background subtraction and correction for 


spectral energy overlap, myocardial blood flow 
(milliliters per minute per gram) was deter- 
mined by the method of Rudolph and Heyman 
using an IBM 1130 computer program [27]. Stu- 
dent's t test was used to determine statistical 
significance (p « 0.05), and data were ex- 
pressed as mean + standard error of the mean. 


Data Collection 
In all 10 dogs myocardial blood flow was ob- 
tained at four specific periods during the CPB 


interval. After 15 minutes of spontaneous ven- 
tricular 3brillation (32?C) at 80 mm Hg, 1 ml of 
microsphere suspension was injected into the 
arterial perfusion cannula (control). Thereafter, 
the aortic root was clamped just distal to the 
coronary ostia (see Fig 1). Ischemic arrest was 
maintaired for 10 minutes while the systemic 
perfusion pressure remained at 80 mm Hg 
during coronary blood flow interruption. Sub- 
sequenily, the aortic clamp was released and 
microsphere flow data again were obtained after 
1, 5, and 10 minutes of myocardial reperfusion. 
Before each injection, pump flow was re- 
adjusted to establish a coronary perfusion 
pressure of 80 mm Hg. During reperfusion, left 
ventricular and retrograde circumflex pressures 
also wer2 recorded. Two additional 10-minute 
periods of ischemia with 10 minutes of inter- 
mediate reperfusion were then performed. In 9 
dogs, fc_lowing the final cross-clamp period, 
transmural flow again was determined after 1 
minute of reperfusion. From this last micro- 
sphere irjection, changes in myocardial reperfu- 
sion patterns caused by additional ischemic 
events could be compared with single aortic oc- 
clusions. 


Results 

Data are presented for 10 dogs (6 males and 4 
females) that underwent CPB without com- 
plicating technical problems. Animals with in- 
complete ameroid closure (1) or myocardial in- 
farction (2) were excluded from this study. 
Before instituting CPB, anesthetized open chest 
preparations had an average heart rate of 131 + 
5 beats per minute while the simultaneous aor- 
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Table 1. Mean Retrograde Circumflex Coronary 
Pressures (mm Hg) after 10 Minutes of Ischemic 
Arrest? 








Ventricular 1 5 10 
Fibrillation Min Min Min 
(Control Reper- Reper- Reper- 
Dog Period) fusion fusion fusion 
1 55 35 40 58 
2 55 40 2 45 55 
4 25 20 25 25 
9 45 40 45 60 
6 60 40 45 60 
7 50 25 35 40 
8 35 20 20 29 
9 65 40 50 60 
10 75 55 70 75 
Mean + SEM 5245 35k 9 42 t5 51 +6 
p Value? <0.001 <0.002 NS 


“Pressures were determined distal to the occluding ameroid con- 


strictor. 


by values represent comparisons with control. Statistical signifi- 


cance: p « 0.05. 
NS = not statistically significant; SEM = standard error of the mean. 


tic pressure was 122 + 5/91 + 3 mm Hg (mean, 
102 + 4). Early in the experimental protocol, the 
left ventricular pressure was 122 + 5/4 + 1 mm 
Hg. As systolic compression markedly impedes 
coronary flow and contributes notably to sys- 
tolic retrograde pressure development in beat- 
ing hearts, the most accurate hemodynamic 
index of myocardial perfusion in regions 
supplied by collateral coronary vessels has been 
the diastclic retrograde circumflex pressure 
[28]. Six weeks after ameroid placement, the 
retrograde circumflex pressure was 95 + 3/35 + 
4 mm Hg (mean, 67 + 4) before CPB with a 
concomitant diastolic pressure gradient across 
the collateral system of 40 + 6 mm Hg (diastolic 
aortic pressure — diastolic retrograde circum- 
flex pressure). 

After beginning extracorporeal perfusion, 
empty beating normothermic hearts (left ven- 
tricular pressure = 0 mm Hg) had cardiac rates 
of 147 + 7 beats per minute during a continu- 
ously maintained coronary perfusion pressure 
of 80 mm Hg. Before initiating ventricular fib- 
rillation, the retrograde circumflex pressure was 


66 + 4/47 + 5 mm Hg (mean, 54 + 3) after 15 - 


minutes cf stable CPB. Thereafter, the cardiac 
temperature was lowered to 32°C by systemic 
perfusion, and spontaneous fibrillation was 
begun. Mean retrograde circumflex pressures 


RCP (mm 


30 


CONTROL 1 5. 10 
VF 


REPERFUSION {Minutes} 


Fig 3. Retrograde circumflex pressure (RCP) is shown 
for the control ventricular fibrillation (VF) period and 
following 10 minutes of ischemic arrest. After an initial 
drop in RCP, a progressive increase occurred until con- 
trol levels were reestablished after 10 minutes of coro- 
nary reperfusion. 


during this fibrillating control period, and for 
each additional intervention, are detailed in 
both Table 1 and Figure 3. Before the first pe- 
riod of ischemic arrest, the control retrograde 
pressure for ventricular fibrillation was 52 +5 
mm Hg. With the initiation of each aortic inter- 
ruption, measurable retrograde circumflex 
pressure was ablated indicating almost com- 
plete cessation of blood flow to collateral 
myocardium. Subsequent to 10 minutes of 
ischemia, the retrograde circumflex pressure 
diminished to 35 + 3 mm Hg during early re- 
perfusion (p < 0.001). Throughout continued 
coronary reflow, the circumflex pressure gradu- 
ally increased (see Fig 3): within 5 minutes, it 
had increased to 42 + 5 mm Hg. Ten minutes 
after release of the aortic occlusion, a control 
pressure of 51 + 6 mm Hg (p = not significant) 
was reestablished. Following subsequent serial 
ischemic events, the retrograde circumflex 
pressure always returned to preocclusion values 
after each 10-minute reperfusion period. 

Table 2 and Figure 4 show mean blood flow 
for normal myocardial regions as well as areas 
supplied by collateral coronary vessels during 
the same bypass interventions. After 1 and 5 
minutes of reperfusion, mean blood flow re- 
mained significantly elevated in both the nor- 
mal myocardial regions and the areas supplied 
by collateral coronary vessels (p < 0.005 and p < 
0.05, respectively). Ten minutes after ischemic 
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Table 2. Regional Myocardial Blood Flow Determinations in Four Transmural Layers of Left Ventricle 
for 10 Collateral Dogs. after 10 Minutes of Ischemic Arrest (r liminigm) 


Region? 
Normal 


(anterior 


papillary) 


Collateral 
(posterior 


papillary) 


Layer 


Epicardium 
Epimyocardium 
Endomyocardium 
Endocardium 


Mean 


Endocardial/ 
epicardial ratio 


Epicardium 
Epimyocardium 
Endomyocardium 
Endocardium 


Mean 


Endocardial/ 
epicardial ratio 


Ventric- 
ular 
Fibril- 
lation 
(Control 
Period) 


0.76 + 0.12 
C.58 + 0.08 
0.81 + 0.14 
(.94 + 0.19 


0.77 + 0.13 


1.26 + 0.07 


0.66 + 0.08 
0.61 + 0.11 
0.71 + 0.14 
0.67 + 0.11 


0.66 + 0.10 


1.00 + 0.10 


1 Min 
p Reper- 
Value” fusion 
«0.001 3.12 + Q.4E 
«0.001 3.37 + 0.4€ 
«0.001 3.02 + Q.3F 
«0.01 2.14 + 0.3% 
<0.001 3.06 + 0.32 
<0.001 0.72 + 0.1C 
<0.01 1.66 + 0.29 
<0.01 1.66 + 0.28 
NS 1.26 + 0.25 
NS 0.69 + 0.18 
<0.03 1.40 + 0.27 
<0.001 0.45 + 0.10 


p 
Value”? 


NS 

<0.005 
<0.001 
<0.005 


<0.005 


<0.005 


NS 
<0.05 
<0.05 
NS 


<0.05 


NS 


5 Min 
Reper- 
fusion 


0.89 + 0.11 
2.29 X 0.42 
3.72 +t 0.53 
3.00 + 0.42 


3.26 + 0.31 


3.77 + 0.70 


0.99 + 0.17 
1.40 + 0.35 
1.68 + 0.46 
0.69 + 0.13 


1.23 = 0.23 


0.75 + 0.30 


P 
Value? 


NS 

NS 
<0.02 
<0.005 


<0.05 


«0.01 


NS 
NS 
NS 
NS 


NS 


NS 


10 Min 
Reper- 
fusion 


0.75 + 0.09 
0.65 + 0.09 
1.18 + 0.17 
1.64 + 0.20 


1.05 + 0.12 


2.50 + 0.42 


0.59 + 0.07 
0.63 + 0.10 
0.89 + 0.16 
0.95 + 0.24 


0.76 + 0.11 


1.55 + 0.33 


? Normal anterior region represents tissue supplied by unaltered coronary arteries wale the posterior myocardium was nourished mainly by 
auxiliary collateral channels. 


by values represent comparisons with control flow. Statistical significance: p < 0.05. 


NS = not statistically significant. 






MYOCARDIAL BLOOD FLOW 
(ml/min /gram) 
NI 
e 


Oo ct 
VENTRICULAR tie 
FIBRILLATION 10 MINUTE 
AORTIC OCCLUSION 


REPERFUSION 


MINUTES 





$e COL ATERAL REGI TN 


ee NORMAL REGION 





Fig 4. Mean myocardial blood flow (ml'minigm) is repre- 
sented for a transmural section of left ventricle in both 
normal and collateral regions. Control fibrillating con- 
ditions and a 10-minute ischemia period are shown with 
subsequent coronary reperfusion. Note the altered 


hyperemic response in collateral myocardium and de- 


layed flow maximum for the normal region. 
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Table 3. Regional Myocardial Blood Flow in Four Transmural Layers of Left Ventricle 
as Measured in Collateral Vessels in 9 Dogs (mliminigm)® 





Region” Layer 


Epicardium 
Epimyocardium 
Endomyocardium 
Endocardium 


Normal 
(anterior papillary) 


Mean 


Endocardial/ 
epicardial ratio 


Collateral 
(posterior papillary) 


Epicardium 
Epimyocardium 
Endomyocardium 
Endocardium 


Mean 


Endocardial/ 
epicardial ratio 


Third Ischemia 
Period (1 Min 


First Ischemia 
Period (1 Min 


Reperfusion) p Value" Reperfusion) 
3.12 + 0.45 NS 2.54 + 0.28 
3.37 + 0.46 NS 3.04 + 0.46 
3.02 + 0.35 NS 3.19 + 0.46 
2.14 + 0.32 «0.05 2.81 + 0.30 
3.06 + 0.32 NS 2.71: 0.30 
0.72 + 0.10 «0.05 1.17 + 0.15 
1.66 £0.29 NS 1.24 + 0.19 
1.66 + 0.28 NS 1.92 3 0.27 
1.2645 0,25 NS TOLEI? 
0.69 + 0.18 NS 0.57 + 0.10 
1.40 + 0.27 NS 1.06 + 0.14 
0.45 + 0.10 NS 0.51 + 0.12 


*Three 10-minute ischemia intervals that were separated by 10 minutes of coronary reperfusion were employed. Blood flow 
distribution was determined after the initial reperfusion period and is compared with coronary reflow following the last 


ischemic event. 


"Normal anterior region represents tissue supplied by unaltered coronary arteries while the posterior myocardium was 


nourished mainly by auxiliary collateral channels. 


"p value represents comparison between interventions. Statistical significance: p < 0.05. 


arrest, average transventricular flow had re- 
turned to control levels in the areas supplied by 
collateral coronary vessels, whereas in normal 
myocardium it remained significantly elevated 
(p « 0.05). Compared with values for normal 
myocardial regions, the mean blood flow aug- 
mentation in the collateral region continued to 
be attenuated markedly (p « 0.01) throughout 
reperfusion (minutes 1 to 10). This represents a 
perfusion defect in myocardium having collat- 
eral inflow restriction. It is noteworthy that 
whenever augmented flow occurred in the areas 
supplied by the collateral coronary vessels, a 
commensurate drop in retrograde circumflex 
pressure developed conjunctively (see Figs 3, 
4). 

lransventricular blood flow distribution for 
each myocardial layer in both regions is illus- 
trated in Tables 2 and 3 as well as Figures 5 and 
6. After institution of stable CPB (ventricular 
fibrillation, 32°C), a normal endocardial/epi- 
cardial flow distribution was preserved in 
both the normal myocardial regions and the re- 


gions supplied by collateral coronary ves- 
sels (Figs 5, 7). Additionally, no statistical dif- 
ference existed between similar layers in each 
myocardial region during the contro! (ven- 
tricular fibrillation) period (see Table 2). 
Epicardial flow in the normal myocardial 
areas was supplemented fourfold durirg early 
reperfusion, whereas the concurrent flow in- 
crement for collateral myocardium was 2.5 
times control values. Similarly, a notable sub- 
endocardial elevation simultaneously  oc- 
curred in the normal myocardial areas (p < 
0.01), but flow in this innermost layer in the 
collateral area remained unchanged throughout 
coronary reflow (p = not significant). After 5 
minutes, the epicardium in the collateral area 
had returned to control levels; and the 
preexisting subepicardial flow predominance 
in the normal myocardial areas, present after 1 
minute of reperfusion, reverted to a preferential 
subendocardial distribution (see Figs 5, 6). 
Moreover, this hyperemic response continued 
in the two innermost layers of the normal myo- 
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Fig 5. Comparison of epicardial and endocardial 

flow responses in normal and collateral myocardium 
following 10 minutes of ischemic arrest. Myocardial 
blood flow is represented for control ventricular fibrilla- 
tion and throughout progressive coronary reperfusion. 
A greatly attenuated flow response developed in the 
collateral subendocardium during periods of peak de- 
mand compared with a notable hyperemic response in 
normal regions. 
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Fig 6. Transmural myocardial blood flow during a con- 
trol period and following 10 minutes of ischemia is rep- 
resented for both normal and collateral regions. The 
epicardium (Epi) is represented as layer 1 and the en- 
docardium (Endo) as layer 4. Intermediate ventricular 





cardial region, even after 10 minutes of coro- 
nary reperfusion (p « 0.005). Meanwhile, an 
ischemia-induced subendocardial supplemen- 
tation rever developed in areas dependent on 
collaterzl inflow. After two additional isch- 
emic e-ents, each 10 minutes long, the sub- 
endoca-dial response in the normal myocardial 
areas aftained significantly (p < 0.05) higher 
levels a-1 minute of reperfusion compared with 
the first reflow period (see Table 3). These in- 
tervent-ons also affected a concomitantly ele- 
vated e-docardiallepicardial ratio. However, all 
other myocardial flow values were similar to 
those fc.lowing the first aortic occlusion. 
Commensurate with fluxes in myocardial 
flow, reperfusion provoked simultaneously al- 
tered e-docardiallepicardial ratios (see Fig 7, 
Table 21. With reflow, the endocardial/epicar- 
dial distribution diminished initially in both 
regions (p « 0.001) however, in the areas 
supplies by the collateral coronary vessels, this 
decrement appeared to be greater. In the nor- 
mal myccardial areas, 5 minutes after ischemic 
arrest, the endocardiallepicardial ratio had in- 
creased > three times control levels whereas no 
statistical change evolved in the collateral area. 
A tender cy for an elevated ratio occurred, how- 


10 (minutes) 


layers are s10wn as numbers 2 and 3. Note in the nor- 
mal region :he switch from predominantly subepicardial 
flow after * minute of reperfusion to a subendocardial 
preference hy 5 minutes. 
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Fig 7. Endocardiallepicardial flow ratios are represented 
for both normal and collateral regions of myocardium 
during a control period (ventricular fibrillation) and 
following an ischemic event (10 minutes). Coronary re- 
perfusion favored the subendocardium in normal 
myocardium while effecting a decreased endocardiail 
epicardial ratio at minutes 1 and 5 in the collateral zone. 


ever, in this collateral area at 10 minutes but did 
not become statistically significant. As alluded 
to previously, the notably increased endocardial/ 
epicardial distribution in normal myocar- 
dium resulted primarily from endocardial 
enhancement at a time when the epicardial com- 
ponent had returned to control levels. 


. Comment 


Several reports have detailed myocardial re- 
perfusion characteristics following intermittent 
ischemic arrest in ventricles supplied totally by 
normal coronary vessels [4, 5, 9, 21]. The physi- 
ological consequences of coronary reflow on 
pressure-flow dynamics in myocardial regions 
nourished by collateral coronary arteries, how- 
ever, never have been determined previously. 
Comprehension of these events may be of 
critical therapeutic importance to patients 
undergoing coronary artery bypass grafting 
since viable myocardium often depends on 
such auxiliary collateral channels for survival 
[11]. Thus, the present studies compare flow 
responses in collateral regions to physiological 
occurrences in normal myocardium after 10 
minutes of ischemic arrest. 

In collateral preparations using ameroid con- 
strictors, gradual circumflex coronary occlusion 


usually occurs within 2.5 to 3 weeks of implan- 
tation [15a]. À progressive increase in diastolic 
retrograde circumflex pressures follows coro- 
nary obstruction and may be used as a hemo- 
dynamic index of flow restoration to depen- 
dent regions through collateral channels [28]. 
Sufficient collaterals generally are present in 
dogs after 3 weeks of coronary obstruction 
to maintain a normal transmural flow distribu- 
tion with unaltered segmental contraction [3, 
15a]. However, in the presence of either en- 
hanced metabolic demand or inadequate oxy- 
gen delivery, marked ventricular flow imbal- 
ances occur in these subordinate regions, and 
aberrant ventricular excursion usually develops 
when subendocardial underperfusion appears 
[8, 10, 15a, 19]. It is noteworthy that retrograde 
pressures measured in patients at operation for 
bypassing coronary obstructions are markedly 
lower (diastolic, 18 to 33 mm Hg) than the 
diastolic pressures recorded in these dogs (51 + 
6 mm Hg) and reflect a paucity of collateral de- 
velopment in humans, even in the presence of 
subtotal or total coronary occlusion [24]. Pre- 
liminary clinical investigations by this labora- 
tory, using ultrasonic dimension analysis, have 
shown that human collaterals axe often incapa- 
ble of maintaining unaltered segmental ven- 
tricular contraction even during resting condi- 
tions [17]. 

Usually, a brief coronary occlusion is asso- 
ciated with a notable postischemic reactive 
hyperemic flow response [25]. In our labora- 
tory, a generalized flow augmentation de- 
veloped in both normal and collateral regions of 
dogs following 10 minutes of global ischemia. 
In the normal myocardium, subendocardial 
flow repayment appeared to be delayed com- 
pared with the epicardium and persisted for at 
least 10 minutes, a time somewhat longer than 
is usually allowed for coronary reperfusion in 
clinical situations. However, reflow in collateral 
regions was distinctly different as noted by 
the generalized perfusion defect during the 
hyperemic response and by the absent suben- 
docardial flow supplementation throughout 
postischemic periods. 

What is the mechanism for these severe flow 
maldistributions in regions supplied mainly by 
collateral coronary arteries? Figure 8 is an ana- 
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Fig 8. An analog model of the collateral system in these 
experimental hearts with circumflex ameroid constric- 
tors. R, depicts the vascular resistance of larger epicar- 
dial coronary vessels in normal myocardium. R, relates 
transmural resistances of deeper penetrating vessels, 
and Ry shows the subendocardial supply to the normal 
region. Re represents the relatively constant resistance 
of the collateral inflow connecting the anterior de- 
scending and circumflex coronary arteries. R4, R5, and 
Re illustrate epicardial, transmural, and subendocardial 
vascular resistances, respectively, in the collateral re- 
gion. 


log model of the collateral system used for these 
studies. In normal myocardium, vessels repre- 
sented by R,, R,, and R; depict epicardial, trans- 
mural, and endocardial vascular resistances, 
respectively, while Ry, R,, and R, represent 
comparable arteries in regions fed by col- 
lateral vessels, R. [7, 18, 19]. Intense vasodila- 
tion may be induced in both regions by either 
enhanced metabolic demand, postischemic 
hyperemia, an oxygen deficit, or pharmacologi- 
cal agents such as adenosine. Under these cir- 
cumstances, flow is distributed adequately to the 
vessels represented by R,, Ry, and R; (see Fig 8) 
in which inflow resistances are minimal. In 
marked contrast, in collateral regions these same 
conditions cause restrictive inflow. When the 
relatively invariable resistance, R., becomes 
flow limiting, a pressure decrement occurs be- 
yond the collateral entry to the circumflex vas- 
cular bed, represented by R;, R,, and Rs [8, 10, 
15, 19]. Transmural driving pressures decrease 
secondarily and result in subendocardial un- 
derperfusion [2]. Therefore, the retrograde 


circumflex pressure drop, measured in Ry, sub- 
stantiates this concept that collateral inflow re- 
striction develops inappropriately during 
maximum metabolic need. 

The loss of coronary vasodilator reserve, 
compotnded with inflow restriction, ade- 
quately explains altered blood flow in collateral 
regions following an ischemic episode. How- 
ever, several reasons may account for rapid 
reallocaions of myocardial blood flow in nor- 
mal areas during early coronary reperfusion. 
Bache end Lambert [1] noted similar redis- 
tributioa patterns following 20-second coronary 
occlusians in chronic dog preparations. Such 
changes were ascribed to incomplete suben- 
docardial vasodilation (R3) during the ischemic 
interval With early hyperemia, blood flow was 
apparently diverted toward diminished epicar- 
dial vascular resistances, R,. Flow favored outer 
myocardial layers initially until intra- and ex- 
travascular coronary resistances reequilibrated 
by autoregulation, which reappeared with pro- 
gressive reperfusion. Moreover, the early 
epicardial flow preponderance may have de- 
veloped additionally from a diminished trans- 
mural driving pressure, which was associated 
with de-zreased vascular resistance, R,. Other 
experimental studies have shown that trans- 
ventricular perfusion pressures may be the 
main determinant of subendocardial blood 
flow, and the deeper vessels, R, and R}, may 
need specific pressure levels to remain func- 
tional [2]. Finally, recent studies in this labora- 
tory hav? demonstrated that during near maxi- 
mal coroaary vasodilation, ventricular fibrillation 
predisposes to a.subendocardial flow defect 
that can be attributed to exaggerated myo- 
cardia. compressive forces occurring in deeper 
ventricu.ar layers [15]. Flow discrepancies in 
the present preparations developed after coro- 
nary vasodilator reserve had been expended by 
the hyperemic response, and continuing post- 
ischemic fibrillation may have resulted in 
flow-lim-ting subendocardial vascular com- 
pression 

These data further extend our previous ob- 
servations that ventricular fibrillation, hypo- 
perfusion, and normothermic hemodilution 
cause similar unphysiological flow imbalances 
in collateral myocardium |7, 18, 19]. More- 
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over, this study raises a serious question regard- 


ing the adequacy of flow repayment in these 
areas following periods of intermittent ischemia. 
Many surgeons employ several brief periods 
of intermittent ischemic arrest with occasional 
periods of intermediate coronary reper- 
fusion during lengthy coronary bypass opera- 
tions. Within 8 minutes of coronary interrup- 
tion myocardial oxygen levels have reached 
minimal levels and progressive depletion of 
high-energy phosphate stores has begun l4, 
26]. Simultaneous accumulation of undesirable 
cellular metabolites usually occurs, even though 
partial removal may persist from noncoronary 
collateral inflow [29]. The adequacy of reperfu- 
sion following ischemia has been assessed in 
the past by the rapidity of adenosine triphos- 
phate and creatine phosphate repletion by effi- 
cient oxidative pathways [26]. However, it has 
been: generally accepted that flow is reestab- 
lished equally to all ventricular areas during 
coronary reperfusion, and, thus, substrate re- 
plenishment should be uniform. The present 
studies demonstrate that even longer periods of 
reflow than are commonly used during cardiac 
operations may be necessary for reestablish- 
ment of optimal flow distribution. This appears 
to be especially true for patients having myo- 
cardium supplied potentially by inflow lim- 
iting collateral arteries. 

In conclusion, this study describes flow pat- 
terns that develop in normal and collateral 
myocardium following intermittent ischemic 
arrest during CPB. Persistently elevated mean 
transmural and subendocardial flow in normal 
regions and the absence of a hyperemic re- 
sponse in the collateral subendocardium sug- 
gest that brief reperfusion may not be sufficient 
to reestablish necessary energy stores. More- 
over, progressively higher subendocardial re- 
sponses following sequential ischemic events 
further substantiate the idea that cumulative 
ischemia may occur following several episodes 
of ischemic arrest, especially where collateral 
regions of myocardium exist. 
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Discussion 

DR. LAWRENCE I. BONCHEK (Milwaukee, WI): I should 
perhaps emphasize at the outset that I strongly favor 
cardioplezic arrest for valve replacement and com- 
bined operations and use it exclusively in those pro- 
cedures. =ut at this time I want to defend the use of 
intermittent ischemia for the performance of coro- 
nary artery bypass and to ask Dr. Chitwood some 
specific questions. 

First, though, I would like to point out that the 
achievem=nt of impressive results in coronary artery 
bypass is perhaps attributable more to the surgical 
group then necessarily to the technique employed. 
A short time ago I moved to Milwaukee, and since 
then we have performed approximately 330 coronary 
bypass operations. There were 6 perioperative in- 
farctions, _.8%, and 5 operative deaths, 1.5%, none. 
caused by myocardial failure. We have not used ino- 
tropic agents in coronary bypass patients for more 
than a yez-. We have used intermittent ischemic ar- 
rest for eech distal anastomosis followed by a prox- 
imal anastomosis in a beating perfused heart. Dr. 
Olinger h2s done studies that document good pres- 
ervation of myocardial function with these methods. 

Cardioplegic arrest has two principal disadvan- 
tages for coronary artery bypass: difficulty identify- 
ing the conary arteries, as Dr. Mills described ear- 
lier, and inability to lavage the endocardium with 
cold topical fluid as can be carried out when valve 


replaceme-t is being performed. Now I am attempt- 


ing to recencile our results with intermittent arrest 
with those just presented in this elegant study so 
characteris-ic of the very fine work of this group. I 
have two specific questions. First, are dogs with 
ameroid ccnstrictors placed six weeks before study 
fully equivalent to patients whose coronary obstruc- 
tions have developed over years and whose collateral 
flow is presumably or at least possibly more highly 
developed? Second, regarding the demonstration 
that flow i-. the region supplied by collateral vessels 
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never reaches the levels found in the normal regions, 
is that an index of inadequacy of oxygen supply to 
that region or does it simply imply that the normal 
regions have a plethora of blood supply? Because 
maximal coronary dilatation is induced by the isch- 
emia period, perhaps the normal region’s excessive 
blood supply is really more than is needed. 

I note that koth in the normal and in the collaterally 
supplied regions blood flow tends to return toward 
normal by 10 minutes, and I suspect that the return 
toward normal in the collateral region indicates that 
it has already begun to repay its oxygen debt. Did the 
Durham group do any studies to demonstrate that 
although blood supply in the normal region was 
greater than in the collateral region, this indeed indi- 
cates that the collateral region was not obtaining 
enough oxygen supply for its metabolic needs? 


DR. ROBERT L. REPLOGLE (Chicago, IL): I disagree with 
Dr. Bonchek. I think that cardioplegia is perhaps one 
of the most important advances in cardiac surgery in 
the last several years. Intermittent ischemic arrest 
does not provide myocardial protection. The advan- 
tages of cold cardioplegic arrest relate to the temper- 
ature control of the myocardium and, as so well 
presented by Dr. Chitwood, the avoidance of hetero- 
geneity of reverfusion in the intermittent ischemic 
heart. 

I ask Dr. Chitwood if he has established that re- 
perfusion is homogeneous by flushing out the blood 
in the coronary vessels following a period of inter- 
mittent ischemia, with a nonsanguineous material. 
Perhaps washing out the particulate matter in the 
blood will prove to be one of the most important 
advantages to cardioplegic arrest. 


DR. CHITWOOD: I thank Dr. Bonchek and Dr. Replogle 
for their very applicable comments. At the outset, I 
would like to make one comment. We are currently 
studying the physiology of the collateral coronary 
circulation during various cardiopulmonary bypass 
conditions. Clinical extrapolations based entirely 


upon these data would be premature since functional 
and metabolic studies are in progress in our labora- 
tory and must be correlated with the flow data. 

With regard to Dr. Bonchek's first question per- 
taining to collatera] development, collaterals in man 
are certainly less developed than in the dog models 
we used. Peripheral circumflex pressures during op- 
erations to bypass coronary obstructions were found 
to be 18 mm Hg with 70 to 8996 coronary occlusion and 
30 mm Hg with 10096 obstruction. This is in marked 
contrast to peripheral circumflex pressures of 45 mm 
Hg or higher seen after only 4 weeks of ameroid oc- 
clusion in dogs. Therefore, since large flow imbal- 
ances develop in these experimental animals with a 
plethora of coronary collateral development, even 
greater maldistributions may occur in patients hav- 
ing minimal collateralization during similar opera- 
tion conditions. We have attempted to establish a 
collateral coronary circulation in baboons using 
ameroid constrictors, but have found that infarction 
usually develops in these animals during similar oc- 
clusion periods. Thus, we are planning to produce 
occlusion over a much slower period in an effort to 
avoid myocardial infarction and provide adequate 
collateralization in a primate model. 

In response to Dr. Bonchek's second question con- 
cerning functional and metabolic correlates, we now 
have ongoing studies to compare intraoperative 
function and metabolism with these flow mea- 
surements. In the past, Dr. Levitsky has shown that 
following similar periods of ischemia, right ven- 
tricular levels of adenosine triphosphate return to 5096 
of normal but that levels of creatine phosphate are 
even greater than control levels. Also, Dr. Hedley 
Brown found independently that intermittent isch- 
emia produced significant functional depression 
compared with uninterrupted ischemic arrest. Perhaps 
our studies demonstrating transmural flow maldis- 
tribution relate to the genesis of these abnormalities. 

In answer to Dr. Replogle's question, we have not 
examined coronary washout using a nonsanguineous 
perfusate. 


Acute Effects of Aortocoronary 
Bypass Surgery on Left Ventricular Function 
and Regional Myocardial Mechanics: A Clinical Study 


Siegfried Hagl, M.D., Hans Meisner, M.D., Werne- Heimisch, M.S.E.E., 


and Fritz Sebening, M.D. 


ABSTRACT The acute effects of myocardial re- 
vascularization on overall left ventricular perfor- 
mance and on myocardial segmental wall motion 
were assessed intraoperatively in 22 patients who 
had unstable (11 patients) or stable angina pectoris 
(11 patients). Segmental contraction patterns were 
evaluated using an ultrasonic transit-time method. 
In 9 patients with unstable angina pectoris, notable 
improvement in segmental wall motion was ob- 
served as the short-term response to coronary bypass 
grafting. Hypokinetic patterns were rendered nor- 
mal after revascularization. Despite marked changes 
in segmental myocardial function, overall left ven- 
tricular performance was not altered notably. In 
contrast, reperfusion did not lead to acute effects on 
either segmental wall motion or total left ventricular 
function in patients with stable angina pectoris. The 
results indicate that aortocoronary bypass grafting 
may improve segmental wall motion in patients with 
unstable angina. 


Severe ischemic heart disease is characterized 
by loss of contracting muscle, asynergy of vital 
but hypoperfused myocardium, and compen- 
satory hyperkinesia in intact myocardial areas. 
The extent of alteration in these individual 
components determines the effect on overall 
ventricular function [22]. Impairment of ven- 
tricular performance may occur when contract- 
ing muscle cannot compensate for the loss 
of functioning myocardium. Experimental 
studies by Hood [24] have shown that signif- 
icant effects on ventricular performance can be 
realized only if more than 25% of left ventricu- 
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lar muscle mass was infarcted regardless of 
whethzrregional myocardial dysfunction demon- 
strates I-ypokinesia, dyskinesia, or akinesia [2]. 

Additonal blood flow to a hypoperfused re- 
gion wih enhancement in aerobic metabolism 
has bee observed by flow measurements and 
angiog-.phic and biochemical evaluation after 
myoca-cial revascularization [1, 3, 21, 32]. Fur- 
thermors, experimental studies have shown 
that r--ocardial dysfunction resulting from 
hypopzxusion may be reversible if the 
myoca-cium remains viable [13, 15]. Con- 
sequer.t y, local contraction disorders could be 
expectec to return to normal if blood flow to the 
area is enhanced by coronary bypass operation. 

Since "egional dysfunction may be masked by 
hyperk-x:etic activity of the intact myocardium, 
the effect of revascularization must be evalu- 
ated b; measuring local function in ischemic 
and insect muscle and not just overall cardiac 
perforra.nce alone. This study, therefore, was 
design=c to delineate the acute effects of revas- 
cularizzton on total and regional left ventricu- 
lar mectanics in patients with ischemic heart 
disease 


Material 

Studies “vere performed in 22 men ranging from 
35 to © years old (average, 50.3 years). They 
were cizided into two groups according to 
clinical status. 


Group A 

The 11 >atients in group A had unstable an- 
gina. They had a short (« 6 months) history of 
disease and showed rapid progression of 
symptc-s. The intensity and frequency of an- 
gina hsc increased markedly within days or 
weeks, zad the response to nitrate therapy had 
decreased so much that urgent hospital admis- 
sion wss required. All patients had electrocar- 
diograptic evidence of myocardial ischemia 
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during pain, but none had either a scar of re- 
mote myocardial infarct or evidence for in- 
farction during hospitalization. The ventricu- 
logram showed normal wall motion in 2, 
hypokinesia in 7, and dyskinesia in 2 patients. 
Coronary angiography revealed triple-vessel 
disease in 7 patients, double-vessel disease in 
3, and single-vessel disease in 1. Left ventricu- 
lar end-diastolic pressure (LVEDP) was normal 
in 6 patients, slightly elevated (> 12 mm Hg) 
in 3, and elevated (> 18 mm Hg) in 2. Ejec- 
tion fraction (EF) averaged 70% + 7.2 standard 
deviation (SD). Twenty-two grafts (20 saphe- 
nous vein and 2 internal mammary) were per- 
formed (average, 2.0 per patient). 


Group B 

All 11 patients had stable angina. They had a 
documented history of previous myocardial 
infarction and were free of symptoms at rest, 
but severe angina developed in each during 
exercise tests despite optimal medical treat- 
ment. The operative ventriculogram showed 
normal wall motion in 2, hypokinesia in 5, and 
dyskinesia in 4 patients. EF averaged 61.7% + 
9.0 SD. Coronary angiography revealed triple- 
vessel disease in 5, double-vessel disease in 4, 
and single-vessel disease in 2. LVEDP was 
normal in 3, slightly elevated (> 12 mm Hg) in 
4, and elevated (> 18 mm Hg) in 4 patients. 
Twenty-two grafts (20 saphenous vein and 2 
internal mammary) were performed (average, 
2.0 per patient). 


Method 
Regional myocardial wall motion was analyzed 
using an electroacoustic method developed by 
Franklin and associates [14] in 1973. It is based 
on the measurement of ultrasonic transit time 
between two piezoelectric crystals. The trans- 
ducers (1.5 mm diameter) were implanted 15 to 
25 mm apart through a small epicardial incision 
in the subendocardial layer of the left ventricle. 
The muscle segment to be studied lay between 
the two crystals at the same level within the 
ventricular wall. Corresponding locations of the 
designated myocardial segment and the revas- 
cularized muscle area were documented by 
intraoperative angiography [37] (Fig 1). 

The contraction pattern of the muscle seg- 
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Fig 1. Intraoperative angiogram demonstrating the di- 
rect relationship between two pairs of ultrasonic crys- 
tals (arrows) and the revascularized myocardial area. 
Angtography of the coronary arteries was performed by 
direct injection of contrast material into the graft 
through a small side branch. The left anterior descend- 
ing coronary artery is filled in both directions. A 
catheter-tip manometer is positioned in the left ven- 
tricular cavity. 


ment was determined by measurement of ul- 
trasonic transit time between both crystals, 
which is proportional to the distance of the 
transducers during the heart cycle. The record- 
ings enable calculations of the end-diastolic 
length, the end-systolic length, and the extent 
of shortening. The velocity of segment short- 
ening (d/d,) is derived by online differentia- 
tion of the signal. In addition, the electroacous- 
tic technique permits evaluation of changes in 
the time course of wall motion in a myocardial 
segment during systole or diastole. Technical 
details of this method have been reported pre- 
viously [15, 20]. 

In addition to segmental myocardial wall 
motion, left ventricular pressure (LVP) and 
LVEDP were determined by a Millar catheter- 
tip manometer introduced through the right 
upper pulmonary vein. The first derivative of 
LVP (d,/d,) and the contractility index (d,/d,/ 
LVP) were derived from the yielded tracings. 
The pressure in the radial artery was measured 
by a Statham transducer (P23Db). A standard 
electrocardiogram was used to identify rhythm 
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Fig 2. Representation of the normal relationship be- 
tween segmental contraction patterns, left ventricular 
pressure (LVP), and aortic pressure (AoP). The diagram 
demonstrates the different time courses of segmental 
contraction along the two main heart axes. A refers to a 
perpendicular muscle segment and B to a segment 
parallel to the major heart axis. The numbers indicate 
various phases during the heart cycle: I, filling period; 
IL isovolumic phase; Ul, ejection; IV, ventricular relax- 
ation. The end-diastolic segment length (EDL), the 
end-systolic length (ESL), and the extent of shortening 
(AL) can be obtained from the curves. The velocity of 
shortening (AV/At) is derived by online differentiation of 
this signal. 

Original pressure-length loops generated by x-y 
display of length (L) and left ventricular pressure (LVP) 
for these two myocardial segments are recorded in the 
^ lower half. (For explanation see text.}. 


disturbances and assess heart rate. Pulsatile 
and mean graft flow were measured, with 
either a pulsed Doppler ultrasonic or an elec- 
tromagnetic flowmeter. Measurements were 
performed during stable conditions thirty min- 
utes after completion of cardiopulmonary 
bypass. All data were obtained before, during, 
and after ten seconds to three minutes of graft 
occlusion. During the study interval, there 
were no observed hemodynamic changes in 
any of the patients except in response to graft 
occlusion. 


Results 
The normal relationship of segmental myocar- 
dial dynamics to left ventricular and aortic pres- 


sure are depicted in Figure 2. The time course of . 
segment contraction varies slightly due to 
crystal positions. In a segment perpendicular to 
the major heart axis, length increases as the 
ventricle fills during diastole and reaches a 


maximum with atrial contraction (curve A in 


Fig 2). The longitudinal segment shows its 
shortest length with aortic valve closure (com-. 
pare curze B in Fig 2). During ventricular relaxa- 
tion, length increases along this axis because of 
changes in ventricular geometry. The ventricle © 
assumes a more spherical form during the 
isovolumic phase as the length of the circum- 
ferential segment increases slightly while the 
length cf the longitudinal segment decreases. 
After acrtic valve opening, both muscle seg- 
ments saorten at almost constant velocity so. 
that the longitudinal segment reaches minimal 
length w-th aortic valve closure and the circum- 
ferential segment attains minimal length at the 
end of ventricular relaxation. 

The bottom part of Figure 2 shows original 
pressure-length loops generated from the sig- 
nals recczded below. Part A refers to a segment 
perpend.-ular to and Part B to a segment paral- 
lel to the major heart axis. The x-y display of - 
LVP and length illustrates the direct rela- 
tion between these two variables. These seg- 
mental contraction patterns recorded during 
normal hemodynamic conditions served as 
controls. 
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Fig 3. The effect of temporary graft occlusion on myo- 
cardial segmental contraction patterns and on overall 
left ventricular performance in a patient with unstable 
angina. In response to graft occlusion, indicated by zero 
graft flow, pronounced hypokinesia developed, while 
overall left ventricular performance remained unaltered. 
(For details, see text.) (ECG = electrocardiogram; Pa 
rad = radial artery pressure; LVedP = left ven- 
tricular end-ciastolic pressure; LVP = left ventricu- 

lar pressure; L = length of a [circumferential] muscle 
segment, did, = velocity of left ventricular pressure rise; 
Q = graft flow.) 


Group A 

All patients studied in Group A (unstable an- 
gina) showed hypokinetic and dyskinetic con- 
traction patterns at the time of operation. In 2 of 
these patients the preoperative ventriculogram 
appeared normal. 

Intraoperative tracings of total left ventricular 
function and segmental left ventricular wall 
motion in a 51-year-old patient with unstable 
angina are depicted in Figure 3. The preopera- 
tive ventriculogram showed hypokinesia of the 
left anterior wall. The myocardium of this pa- 
tient was revascularized using a vein graft to 
the left anterior descending coronary artery. 





> ~ 

` 

— € 9 
à 





4v rmm m 
[ib w ci ean, Me ri chari Porras 


Length changes were measured in the circumfer- 
ential axis. The phasic pattern shows a normal 
contraction and the extent of shortening was 
within the normal range (24.696 of end-diastolic 
length) [16]. In response to graft occlusion (in- 
dicated by zero graft flow), end-diastolic length 
of the segment increased slightly (396), while 
shortening of the segment during ejection was 
reduced by more than 5096. There was no evi- 
dence of dyskinetic contraction. Despite the 
pronounced hypokinesia observed within the 
muscle segment under study, left ventricular 
performance was not depressed. LVEDP in- 
creased from 8 to 9 mm Hg while d,/d, was 
reduced from 1,320 to 1,150 mm Hg X sec™', 
and (d,/d,)/LVP remained constant. 

After restoration of graft flow, the end-dia- 
stolic length and extent of shortening imme- 
diately returned to control values. Myocardial 
contractility of the entire left ventricle showed a 
transitory augmentation indicated by increased 
LVP and d,d, at reduced end-diastolic pres- 
sure in response to reperfusion. 

In contrast to these findings, those in a 53- 
year-old patient with unstable angina and pre- 
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Fig 4. The effects of temporary graft occlusion on myo- 
cardial segmental contraction patterns and overall left 
ventricular function in a patient with unstable angina. 
The period of graft occlusion is indicated by zero graft 
flow. After graft occlusion, segmental dyskinesia and 
depression of overall left ventricular performance were 
observed. Rhythm disturbances were present during the 
period of occlusion. In response to reperfusion, these 
changes reverted to control levels. (Abbreviations same 
as for Figure 3.) 


operatively documented hypokinesia of the left 
ventricular anterior wall showed distinct de- 
pression of overall left ventricular function 
during graft occlusion (Fig 4). In response to 
interruption of graft flow indicated by zero flow 
tracing, end-diastolic length increased by 24% 
and severe dyskinesia developed. This is dem- 
onstrated by paradoxical length changes during 
the ejection phase during which the segmental 
wall motion parallels LVP. Concomitantly, 
d/d; was reduced from 2,150 to 1,550 mm Hg x 
sec^', and (d,/d,/LVP decreased by 21%. The 
LVEDP, however, showed only slight changes, 
from 10 to 11.5 mm Hg. Rhythm disturbances, 
which had been present before operation, de- 
veloped about thirty seconds after graft cross- 





clamping and persisted during the period of oc- 
clusion. After reperfusion, left ventricular per- 
formance and segmental wall motion returned 
to control levels within sixty seconds and 
rhythm disorders ceased. Graft flow showed no 
reactive hyperemia subsequent to reperfusion. 
This patient demonstrated the most severe de- 
pression of overall left ventricular function due 
to graft occlusion. 

The development of ischemic dysfunction 
appears most adequately demonstrated using . 
x-y display of LVP and the dynamic patterns of 
a subendocardial anterior wall segment. In Fig- 
ure 5 two phases during the mechanical re- 
sponse of a segment to ischemia are shown. In 
this patient, a 51-year-old man with preinfarc- 
tion angina, a hypokinetic contraction of the 
anterior free wall was demonstrated in the pre- 
operative ventriculogram. The pressure-length 
loop in the left upper corner represents the 
control state of myocardial mechanics. After 
clamping the graft to the left anterior descend- 
ing coronary artery, segmental muscle shor- 
tening during the ejection period was progres- 
sively reduced. Bulging during later ejection 
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Fig 5. Develepment of ischemic segmental dysfunction 
in response to graft occlusion. Pressure-length loops 


graft occlusion, and sixty seconds after reperfusion. 
During graft occlusion, ischemic dysfunction, indicated 
by paradoxical length changes during later ejection and 
ventricu.ar relaxation, developed. (See text for details.) 


generated by x-y display of myocardial segment length 
(L) versus left ventricular pressure (LVP) are shown 
before cross-clamping, twenty and forty seconds after 


and early ventricular relaxation occurred forty 
seconds after graft occlusion. The segment then 
shortened as the ventricular pressure fell. The 
integrated loop area, which may be considered 


after 


reperfusion 


£3 


60s 





as an index of segmental work [13], decreased 
progressively during the course of ischemia. 
After reperfusion, the segments showed a tran- 
sitory hyperkinetic reaction. 

In Group A patients, 9 had normal or 
hypokinetic segments (2 and 7 patients, re- 
spectively) on the preoperative ventricu- 
logram (Table). Intraoperatively, however, a 
hypokinetic contraction pattern was observed 
in each of these patients. When graft occlusion 
was released, the dysfunctioning segment re- 
verted to normal in all 9. Two patients with 


Summary of Preoperative and Intraoperative Values (mean + SD) of Segmental 
Myocardial Wall Motion and Overall Left Ventricular Performance? 


nesia 


Contrac- 
tion Graft Unclamped (intraoperative) 
No Preoperative Pattern 
of with Graft Contrac- 
Pa- Ventricu- EF LVEDP Clamped tion Pat- EDL AL LVEDP  dJd/LVP Qm; RH 
Group tients logram (95) (mm. Hg) (control) tern (96) (96) (£6) (96) (ml/min) (96) 
A 2 Normal 67 8.5 Hypo- Normal +0 +17.0 +9 +0 93 +160 
kinesia 
7 Hypo- 658+ 12+ Hypo- Normal —5.3 +62.3°+ -32t +174 99.3 t 487.9 + 
kinesia 8.0 4.8 kinesia 49.5 1.1 9.0 20.9 57.3 
Or 
dyskinesia 
2 Dys- 65 13.0 Dys- Dys- +0 +60 +9 xo 85 +G 
kinesia kinesia kinesia 
or aki- 
nesia 
B 2.5 Normal 72 16 . Normal Normal +0 +0 +0 £0 85 +25 
5 Hypo- 60.8 + 16.7+ Hypo- Hypo- “0E 08+ x0 +0 870 t +355 
; kinesia — 7.2 5.0 kinesia kinesia — 22 1.8 50 42 
+ or dys- or dys- 
1 kinesia kinesia 
4 Dys- 58 19.1 + Dys- Dys- +0 ~O7+ 04x +0 64 + 6.3 x 
kinesia 5.1 kinesia kinesia 1.5 1.2 12.5 9.5 
or aki- or aki- 


nesia 


aPercent changes refer to control values obtained intraoperatively during graft occlusion, 
"Changes in AL were statistically significant (p < 0.05) by Student t test. 


EF = ejection fraction; LVEDP = left ventricular end-diastolic pressure; EDL = end-diastolic segment length (percent change); AL = 
shortening amplitude (percent change); d,/d/LVP = contractility index (percent change); Qsypass = graft flow; RH = reactive hyperemia. 
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Fig 6. Effect of graft occlusion on myocardial segmental 
contraction patterns and on overall left ventricular 
performance in a patient with stable angina. The period 
of graft occlusion is indicated by zero graft flow. No 
changes of either segmental wall motion or left ven- 
tricular performance were observed in response to graft 
occlusion or opening. (Abbreviations same as for 

Figure 3.) 


dyskinetic segments before operation showed a 
dyskinetic contraction pattern after bypass 
grafting regardless of whether the graft was 
occluded or patent. The graft flow averaged 95.5 
ml per minute + 20.5 SD in Group A. Reactive 
hyperemia ranging between 2096 and 29096 
(mean, 106% + 85 SD) was present in 9 of the 11 
patients. 


Group B 

In Group B (stable angina), occlusion of the 
bypass did not lead to any notable effects on 
segmental wall motion or total ventricular 
performance. Intraoperative recordings demon- 
strated normal contraction patterns in 2 pa- 
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tients, hypokinesia or dyskinesia in 5, and dys- 
kinesia c? akinesia in 4. 

Figure 6 demonstrates total and segmental 
left ventricular function during graft occlusion 
in a 44-eear-old patient with stable angina. 
Normal unction of the anterior wall is con- 
firmed b; the tracing. Interruption of graft flow 
had no remarkable effect on either segmental 
wall moHon or total left ventricular perfor- 
mance. Mean graft flow measured in Group B 
was 78.€ ml per minute + 34 SD. Reactive 
hyperemia (mean value, 38.3% + 33 SD) was 
observed in 6 patients. 


Comment 

The prir.cipal advantages of this method of 
measurirz segmental wall motion compared 
with other methods such as strain gauges or 
ventriculagraphy include high specificity of the 
segment dbserved, elimination of mechanical 
interference with muscle contraction, absence 
of troublesome attachment of the transducer to 
the musce, a high-frequency response, quan- 


x 
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titative accuracy of measurement, and stability 
over a considerable length of time. Since ex- 
perimental studies have shown that this tech- 
nique can be used in chronic animal prepa- 
rations without hazard [14], temporary im- 
plantation of such crystals in man appear to 
promise improved postoperative surveillance. 

By cross-clamping the graft, only the blood 
flow contributed by the bypass to the desig- 
nated myocardial area was interrupted while 
residual antegrade and retrograde flow through 
the stenosed coronary artery was maintained. 
This procedure was chosen to approximate the 
preoperative perfusion level for use as control. 
In response to myocardial revascularization, 
9 of 11 patients in Group À demonstrated 
great improvement in segmental myocardial 
mechanics. 

The results of early postoperative studies of 
local ventricular wall motion confirm these 
findings. Direct comparison of preoperative 
and postoperative ventriculograms reveals that 
hypokinesia is reversible in most instances [7, 
9, 10, 17, 34]. Hetzer and colleagues [23] per- 
formed high-speed cineradiographic studies of 
local myocardial segment contraction after im- 
plantation of gold markers in the revascularized 
myocardial area at the time of operation. Com- 
parison with the results of preoperative mea- 
surement of coronary artery bifurcation dis- 
tances indicated that 7 out of 12 patients 
showed improvement in regional myocardial 
performance. 

Improvement of left ventricular mechanics 
after aortocoronary bypass has been reported by 
several authors [6-9, 11, 17, 26, 28, 29, 31, 33, 
38, 39]. Muscle function after myocardial revas- 
cularization was measured by Neuhaus and as- 
sociates [30]. In 32 patients, EF and velocity of 
circumferential fiber shortening (V.;) increased 
significantly from 52 to 6396 and from 0.89 to 
1.23 circumferences per second. Most marked 
changes were found in the preoperatively 
ischemic region, in which V,, increased from 
0.66 to 1.09 circumferences per second. 

An improved exercise tolerance following di- 
rect myocardial revascularization was shown by 
Bjork and Henze [4]. The elevation in left ven- 
tricular filing pressure in response to exercise 
was reduced to normal compared with preoper- 


ative levels. These results imply that successful 
coronary procedures can improve left ventricu- 
lar function and mechanical performance of the 
heart. In a number of reports dealing with ex- 
aminations carried out five months or more 
after operation, other investigators reported no 
significant changes in heart performance in re- 
sponse to direct revascularization [2, 5, 18, 19, 
27 ]. 

Korbuly and colleagues [27] observed no 
changes in left ventricular end-diastolic vol- 
ume, stroke volume, or EF despite documented 
flow increase in response to revascularization. 
Studies of preoperative and postoperative ven- 
triculograms performed by Hammermeister 
and associates [19] did not exhibit notable 
change in EF. Arbogast and co-workers [2] re- 
ported unaltered left ventricular volumes and 
EF after revascularization. They also found, 
however, improved regional wall motion in 
2996 of their patients. 

In our studies, total left ventricular function 
had improved in only 3 out of 11 patients. This 
change was great in 1 patient and moderate in 
the others. Rhythm disturbances present in 3 
patients were abolished after full revasculariza- 
tion. 

There is a marked discrepancy between the 
effects of reperfusion on regional and total left 
ventricular mechanics. Experimental results 
[15, 16] suggest that the compensatory hyper- 
kinesia in the intact myocardium present dur- 
ing regional ischemia returns to normal func- 
tion after reversal of ischemic disorders. This 
hypothesis may explain the notable improve- 
ment of regional contraction at unchanged 
overall left ventricular performance. Only in the 
presence of significantly depressed ventricular 
function indicative of important loss of regular 
contracting muscle may reperfusion result in an 
improvement of total cardiac performance. This 
appears consistent with the finding of Santos 
and colleagues [35] that the effect of bypass 
grafting is more pronounced in patients with 
depressed cardiac function initially. 

In 2 patients with unstable angina, ven- 
triculography and intraoperative measurements 
had shown dyskinetic contraction patterns. No 
acute effect of reperfusion could be demon- 
strated in either patient. Hamby and co- 
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workers [17] reported an improvement of local 
muscle function in 28% of patients with 
akinesia. Schmuziger and co-workers [36] de- 
scribed the findings in 62 of their patients, 8 of 
whom had normal postoperative ventriculo- 
grams compared with preoperative akinetic wall 
segments. Saltiel and associates [34] stated that 
akinesia may not be completely reversible but 
improvement of regional contraction patterns 
from akinesia to hypokinesia can be observed 
in approximately 50% of patients. 

In the group of patients with stable angina, 
Group B, we were not able to demonstrate 
acute effects of myocardial revasculariza- 
tion either on segmental or on total left ven- 
tricular function. Chatterjee [10] and Hamby 
[17] and their associates, however, found im- 
provement of left ventricular performance in 
patients with chronic angina. The reasons 
why we failed to demonstrate acute effects 
of reperfusion on ventricular mechanics are 
hypothetical. Johnson and colleagues [25] re- 
ported that functional collateral circulation may 
be present between the perfusion area of sev- 
eral grafts. To exclude this factor we have 
cross-clamped sequential constituents of multi- 
ple grafts. In some hearts, graft flow was aug- 
mented after flow interruption, but no effect 
was observed either on segmental shortening or 
on overall left ventricular performance. Under 
the assumption that the residual perfusion 
through the stenosed coronary artery was suffi- 
cient to cover the metabolic demands of the 
muscle areas studied at heart rates encountered 
during operation, ventricular pacing was car- 
ried out in 3 patients with stimulation rates up 
to 150 beats per minute [12]. In response to 
opening or occluding the graft under these con- 
ditions, no effect on regional contraction was 
observed. The presence of irreversible myocar- 
dial damage may represent another possible 
explanation for the failure to respond to addi- 
tional blood supply. However, postoperative 
examinations in 2 of our patients indicate that 
intraoperatively documented local contraction 
disorders, which were not influenced for a 
short time by revascularization, may revert to 
normal. This would suggest that there is some 
potential for long-term recovery in these hearts. 
Nevertheless, the mechanisms are not yet fully 
understood. 


The tesults of this study indicate that 
myocardial revascularization may improve 
segmen-al wall motion with restoration of 
hypokir2tic myocardial contraction to normal 
in patients with unstable angina. Despite the 
changes in segmental muscle contraction, ob- 
servations during operation did not show any 
noteworhy effect on overall ventricular per- 
formance. The failure to demonstrate changes 
in segmental wall motion in patients with 
stable azgina in response to graft occlusion is 
not uncerstood; it is possible, however, that 
the muscle segment under observation was ir- 
reversibty damaged before operation or that 
blood flcw to the area was not adequate despite 
the bypass graft. Local contraction disorders of 
the ventricle and the possible return to normal 
will not be evident if only overall ventricular 
function is assessed. Thus, evaluation of the 
effects of coronary bypass on the heart must be 
done wth respect to cardiac performance as 
well as s2gmental myocardial wall motion. 
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Discussion 

DR. ANDREW S. WECHSLER (Durham, NC): In 1974, 
Dean Franklin and associates used sonomicrometry 
to study regional changes in ischemic myocardium. 
Dr. Hagl and co-workers have applied this technique 
elegantly in order to more precisely evaluate seg- 
mental wall motion in man at the time of bypass 
operations. Their studies point out beautifully the 
dichotomy between regional myocardial function 
and global left ventricular function associated with 
isolated graft occlusion. 

Several years ago, both Dr. Richard Anderson, 
then at the University of Oregon, and our group at 
Duke demonstrated that if all bypass grafts are 
occluded for a short period, it is possible, by intro- 
ducing a stress, to show that indices of global left 
ventricular function deteriorate. More recently, in a 
group of 17 patients we studied regional function as- 
sessed by sonomicrometry to evaluate systolic excur- 
sion at rest and during atrial pacing, as influenced by 
occluding for a short time a bypass graft to the left 
anterior descending coronary artery. Occlusion of the 
graft produced regional contraction abnormalities in 
oniy a few patients. However, with the addition of 
atrial pacing, graft occlusion was associated with a 
high frequency of segmental contraction abnor- 
malities. In addition, 4 patients in the group exhib- 
ited systolic bulging when the graft was occluded in 
the resting state. During atrial pacing and in associa- 
tion with graft occlusion, however, the number of 
patients demonstrating systolic bulging rose to 12. In 
experimental animals, systolic bulging is associated 
with severe reversal of the endocardial to epicardial 
ratio whereas mild contraction abnormalities may be 
seen with endocardial ratios in the range of 0.6. 


I woncer if Dr. Hagl would comment on th 
tance that he chose for separation of the ultra: 
crystals. lso, did he find alignment to be mor 
sitive in the major or minor axis of the heart 
performi-g these studies? 


DR. HAGL I thank Dr. Wechsler for his kind 
ments and congratulate him on his own nice : 
Concerning one question, I think that the inci 
of systoli- bulging during graft occlusion deper 
the selection of patients. We have chosen two g 
of patieris with coronary artery disease, one 
unstable angina and the other with stable angi 
agreement with Dr. Wechsler's results we foun 
nificant -mprovement of regional myocardial 
tion in response to reperfusion through the g 
the group with unstable angina. In patients suf 
from stable angina and documented previous 
cardial infarction, we failed to demonstrate su 
effect. In 2 patients with normal wall motion w 
gest that >asic perfusion through the stenosed 
nary artery and collaterals was sufficient to cov 
oxygen cemands under the intraoperative « 
tions. In the other patients with hypokineti 
dyskinet.- contraction patterns, one might a: 
irreversiEly damaged myocardium. 

As for the other question, I think Dr. Wech: 
correct. If the distance between both crystals 
large (> 2.5 cm), changes in curvature may infl 
guantitat-ve measurements. The contraction pe 
however. will not be changed. According to o 
perience the alignment in the minor axis see 
be more zensitive. 

Dr. Wechsler has demonstrated the effects o 
ing unde- function of ischemic and revascul: 
myocard.im. We have recordings that would 
port Dr. Wechsler's findings. In 2 patients 
preinfarcHon angina in whom we observed 
modest -ypokinesia of the left anterior free 
during g-aft occlusion at spontaneous heart rat 
beats per minute), severe systolic bulging deve 
in response to ventricular pacing (132 beats pei 
ute). After unclamping the bypass graft, norm 
tion of contraction patterns could be demons 
despite enhanced oxygen demand from pacing 
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he William Harvey Disposable Hybrid Oxygenator 
lore than six years experience in more than 
20,000 procedures. 


On the surface, the William Harvey Disposable Hybrid 
genator looks pretty much the same as when it was introduced 
.in 1972, some 220,000 clinical procedures ago. But inside, there 
been many improvements. Not changes for change sake. The 
mn was ahead of its time to begin with. But changes that have 
ased the oxygenator’s performance and reliability, such as going 
| plastic to aluminum tubing for more efficient heat exchange, 
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e port to allow you to get volume quickly into the system, and a 
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your professional standards. To bring you the kind of profes- 
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d oxygenators. 
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SEE FOLLOWING PAGE FOR MORE DETAILS ON THE 
MIREL PACEMAKER FROM MEDTRONIC. 


*This demonstration unit does not contain battery or electronics, but 
approximates the Mire! pacemaker's physical characteristics—such as 
connector, size, shape and weight. Packaged in a handsome jewelry 
case, it is ideal for showing to patients, demonstrating at seminars, etc. 


SHOWN ACTUAL SIZE 





| THE NEW 
É: MIREL PACEMAKER 
FROM MEDTRONIC: 


Our new lithium-powered Mirel pacemaker is so compact— yet it contains all the performance features 
youve come to expect from Medtronic lithium pacemakers, including Constant Rate, Constant 
Energy, superior electromagnetic interference protection and more. And although the Mirel pace- 
maker is a step down in size, its a step up in quality. This unique combination of smaller size plus a 
design that provides improved reliability and quality is possible due to Medtronic's exclusive advances 





in microcircuitry. 


Simplified Assembly for High Reliability. 


The Mirel pacemaker has only 21 separate 
components as compared to 40 in its lithium 
predecessor. Benefit: less chance of component 
failure, fewer connections subject to failure. 
Mirel pacemaker components are fused by re- 
sistance welding rather than soldering. Benefit: 
reduced possibility of contamination. 

The Mirel pacemaker uses hermetically sealed 
mini-paks inside hermetically sealed hybrids. 
Benefit: circuitry is enclosed in a redundant pro- 
tected environment—an additional safety fea- 
ture for your patients. And, these "mini-paks" 
are easily and repeatedly tested before they are 


connected to the hybrid substrate. Tests include 
centrifuge, temperature and burn-in cycles, her- 
meticity. shock and, of course, visual microscopic 
inspection. 
Pacing for Life™ Warranty 
Another advantage, all Mirel-VL (ventricular- 
long-lived) pacemakers are covered by the 
Medtronic Pacing for Life™ warranty. If, during 
the life of your patient, the Mirel-VL pacemaker 
fails for any reason, Medtronic will provide a 
replacement product at no charge and give the 
same warranty on the replacement product. 
Theres much more to the Mirel story. Ask your 
Medtronic representative for details. 


MEDTRONIC’ IMPLANTABLE PULSE GENERATORS 
Intended Uses—Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of 
intended uses). 
Contraindications— There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patient's age 
and medical condition, however, may dictate the particular pacing systems and implantation procedure used by the physician. 
Warnings — Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical 
units should never be used in the vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse generator/lead. Pulse generators may be damaged by defibrillatory discharges 
if the paddles are placed over the implanted pulse generator. 
Precautions—The physician should be aware that all pulse generators will ultimately cease to function and may fail at any time due to random 
component or battery failures which cannot be predicted prior to failure. Also, that the pacing system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue formation, and elevatec thresholds, and that proper operation may be affected by 
electrical interference from equipment using electrical energy, or medical complications. 
Side Effects— Body rejection phenomena, including local tissue reaction, muscle and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and cardiac tamponade. 
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Autotransfusion Following Open-Heart Surgery 


Frederick B. Parker, Jr., M.D., and Howard West, C.C.P. 


ABSTRACT Autotransfusion following cardiopul- 
monary bypass has been used infrequently. Certain 
patients are noted for the potential of serious hemor- 
rhage following conclusion of bypass. A new auto- 
transfusion technique for use in such patients is de- 
scribed. The method involves a simple modification 
of the basic cardiopulmonary bypass setup and re- 
quires no separate autotransfusion unit. It can be 
utilized for several minutes after the administration 
of protamine. Blood salvage can be considerable and 
at times lifesaving. 


Autotransfusion is a useful adjunct during 
major hemorrhage. Introduced in the latzer part 
of the nineteenth century [4, 5], it has cnly re- 
cently gained acceptance in modern therapy. 
Operative procedures can require massive 
blood usage. Autotransfusion provides a 
method of increased blood salvage in these in- 
stances. It has been used most advantageously 
in the hemorrhage of acute trauma and in elec- 
tive procedures in which major blood loss is a 
real possibility. In cardiac operations, intra- 
operative autotransfusion has been used in- 
frequently. Improved hemostatic measures 
have greatly decreased the need for major trans- 
fusion in most cardiac procedures. There is, 
however, a select group of patients with the po- 
tential for severe hemorrhage during operation. 
The operations include procedures involving 
the ascending aorta, especially acute dissec- 
tions and aneurysms, reoperations for both ac- 


quired and congenital heart disease, and situa- 


tions when unstable suture lines create the 
need for massive transfusion. We have had a 
recent experience with autotransfusion follow- 
ing discontinuation of bypass in such a group 
of patients. Here we review our experience and 
describe our technique. 
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Material 

In the past 2 years autotransfusion was used in 
9 patients following discontinuation of car- 
diopulmonary bypass and administration of 
protamine. In each instance, hemorrhage was 
considered a distinct possibility. Therefore, 
preparation for autotransfusion was made be- 
fore commencing bypass or immediately upon 
its discontinuation. An operative procedure on 
the thoracic aorta or a reoperation for congenital 
or acquired disease was involved in each in- 
stance. There were 3 DeBakey type I and 1 type 
II acute dissections, a luetic aneurysm of the 
ascending aorta, a traumatic aneurysm, a reop- 
eration for both a mitral and an aortic valve re- 
placement, and 1 repair of a pseudotruncus 
with closure of a Waterston anastomosis and 
placement of a Hancock prosthesis to the 
right ventricular outflow tract. All patients had 
major hemorrhage immediately following ces- 
sation of bypass (Table). 


Method 

Autotransfusion and the Extracorporeal Circuit 
The extracorporeal circuit includes a Bentley 
Q100 oxygenator, a Sarns 5000 cardiopulmo- 
nary bypass pump, a Pall inline filter on both 
the arterial line and cardiotomy return, and a 
Bentley Q120 cardiotomy reservoir. The system 
is modified to provide autotransfusion by plac- 
ing an equal Y-connector in the arterial line be- 
tween the arterial port of the oxygenator and 
the arterial roller pump. A similar Y-connector 
is placed in the cardiotomy drain line to the 
oxygenator. A 30 cm line connects the car- 
diotomy drain line to the arterial line by way of 
the Y-connectors (Figure). This line is filled be- 
fore commencing bypass. During cardiopul- 
monary bypass the line connecting the car- 
diotomy drain line to the arterial line is 
clamped at both ends. At the conclusion of 
bypass all the fluid remaining in the oxygenator 
is slowly transfused to the patient. Protamine is 
administered and preparation for autotrans- 
fusion begins by clamping the cardiotomy 
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Data on Patients with Major Hemorrhage Controlled with Autotransfusion 


Patient Age 
No. (yr) 
1 25 
2 35 
3 35 
4 56 
5 19 
6 58 
7 5 
8 64 
9 64 


Procedure 


AVR 


‘MVR (reoperation) 


Acute aortic dissection (type I) 
Acute aortic dissection (type III) 


‘Traumatic aortic aneurysm 


Acute aortic dissection (type I) 

Repair of pseudotruncus, closure of 
Waterston anastomosis, and graft 
from RV to PA 

Ascending aortic aneurysm 

Acute aortic dissection (type I) 


Volume of Auto- 
transfusion (ml) 


1,125 
900 

. 4,000 
1,700 
3,000 
1,600 
1,300 


700 
7,000 


"Time after 
Protamine _ 
Administration 


zXmin) 


142 





"Died at operation. 


AVR = aortic valve replacement; MVR = mitral valve replacement; RV = right ventricle; PA = pulmonary artery. 
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drain line distal to the Y-connector and the arte- 
rial line between the oxygenator and the 
Y-connector. If the autotransfusion modifica- 
tion is made at the conclusion of bypass instead 
of befóre bypass, the transfusion line must be 
de-aired by allowing blood to displace air from 
the cardiotomy line. Transfusion can be con- 
tinued for a period of time following protamine 
administration. The cardiotomy filter will re- 
move emboli 200 uw or larger from the suctioned 
blood and arterial line filter will remove emboli 
36 u in size. When clots appear in tke car- 
diotomy reservoir, the autotransfusion is dis- 
continued. Initially, we transfused through the 
arterial cannula. However, to further decrease 
the chance of injurious emboli, the arterial line 
is divided and transfusion is now performed 
through the divided arterial line attached to one 
of the venous cannulas in the right atrium. 


Results 

Three patients died in the operating room. Two 
with acute dissection died of massive hemor- 
rhage secondary to rupture in the area of the 
suture line, and the other with traumatic rup- 
ture of the aorta following graft replacement 
and hemorrhage control died of irreversible 
ventricular fibrillation secondary to a severe 
myocardial and pulmonary contusion, both 
present before the operation. The remaining 
patients all had major hemorrhage. With the aid 
of autotransfusion, it was eventually controlled, 
and the condition of each patient was sta- 
bilized. The mean volume of autotransfusion or 
blood salvage in this group of patients was 
2,369 mi per patient (highest, 7,000 ml; lowest, 
700 ml). Following the administration of pro- 
tamine, autotransfusion was continued for an 
average of 8.9 minutes (longest interval, 17 
minutes; shortest interval, 5 minutes) (see the 
Table). 

Postoperative coagulation studies in surviv- 
ing patients revealed no abnormality inconsis- 
tent with prolonged. cardiopulmonary bypass 
or directly attributable to the autotransfusion 
mechanism. Two patients had platelet counts 
below 100,000: the patient with pseudotruncus 
had a platelet count of 64,000 and the patient 
with luetic aneurysm, 78,000. The other clotting 
factors were within normal limits. 


Neurologically, the surviving patients were 
intact, although the patient with a luetic aneu- 
rysm had a severe postoperative psychosis 
three days after operation. It cleared without 
sequelae. 


Comment 

Several techniques of autotransfusion have 
been developed over the past several years, and 
autotransfusion is now a recognized technique 
in transfusion therapy. Most of these methods 
deal with blood salvage in massive hemorrhage 
after trauma or during elective noncardiac pro- 
cedures. Units with built-in filters and a collect- 
ing reservoir are available commercially and 
allow a more facile setup. 

Both massive autotransfusion and massive 
homologous blood transfusion create coagu- 
lation defects. Rakower and associates [7] re- 
ported thrombocytopenia and hypofibrino- 
genemia following an experience with high- 
volume autotransfusion (2 to 30 liters per pa- 
tient) in a series of 11 patients, but Brener and 
co-workers [2] in a series of 10 patients with 
lower autotransfused volumes (1.5 liters per pa- 
tient) showed little effect on the coagulation 
mechanism. Coagulation defects appear to be 
directly proportional to volume transfused. Mil- 
ler and co-workers [6] studied the effect of mas- 
sive (20 to 25 units per patient) homologous 
blood transfusion with blood eight to twenty 
days old. In most patients, they also reported a 
bleeding diathesis after 15 units of blood. The 
major cause of continued bleeding appeared 
secondary to thrombocytopenia. Our own ex- 
perience has demonstrated the presence of 
thrombocytopenia with prolonged bypass and 
multiple transfusions [3]. 

Because of the threat of emboli, filters must 
be an integral part of any autotransfusion unit. 
Unless there is total body heparinization, the 
formation of a fibrin membrane across the filter 
may well serve as a means for platelet trapping 
and destruction. Blood rich in clotting factors or 
platelet transfusions should be considered to 
correct this defect if it is present after massive 
transfusion. 

Autotransfusion following open-heart opera- 
tion has received little attention. It is the re- 
sponsibility of the cardiac surgeon to be as- 
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sured of proper hemostasis before discontinu- 
ing bypass and administering protamine. Fail- 
ing in this responsibility and hoping "pro- 
tamine will take care of it" constitutes a 
dangerous assumption leading to massive 
transfusion of homologous blood with its at- 
tehdant dangers, including possible death from 
hemorrhage. In spite of meticulous attention to 
hemostasis, there continues to remain a small 
group of patients in whom bleeding may per- 
sist following discontinuation of bypass. Auto- 
transfusion should be considered in this group 
to not cnly salvage blood, but also to decrease 
the risks attendant on transfusion of large 
amounts of homologous blood. Bregman and 
co-workers [1] reported utilization of a com- 
mercially available autotransfusion system 
(Bentley ATS-100) with a 20 u nylon filter to 
salvage shed blood following bypass. Auto- 
transfusion was continued until clotting oc- 
curred within the unit. They performed this 
procedure in 3 patients undergoing cardiac op- 
eration. To our knowledge, this is the only re- 
port of autotransfusion in an open-heart proce- 
dure. 

In our system, the same end is gained by a 
simple modification of the bypass setup. The 
risk of consequential emboli appears minimal 


with the filters present in the system. A further: 


safeguard is discontinuation of the transfusion 
when clots appear in the cardiotomy reservoir. 


In spite of this limitation, our small series re- 
veals that blood recovery can be considerable. 

Autotransfusion following cardiopulmonary 
bypass has been infrequently used. Massive 
homolcgous blood transfusion with its’ atten- 
dant risks (transfusion reaction or hepatitis) 
must be controlled if blood banks are to remain 
solvent The addition of a simple autotransfu- 
Sion tecanique decreases the need for homolo- 
gous blzod and may prove lifesaving. 
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Gastroesophageal Reflux 
Following Gastric Operation 


R. D. Henderson, M.B., F.R.C.S.(C) 


ABSTRACT The combination of previous gastric 
operation and gastroesophageal reflux produces 
major difficulties in obtaining effective symptomatic 
relief. Seventy patients were studied by history, 
radiology, endoscopy, and esophageal manometry 
before surgical reflux control. Twenty-eight had had 
vagotomy and pyloroplasty; 4, vagotomy and gas- 
troenterostomy; 11, Billroth I gastrectomy; and 27, 
Billroth II gastrectomy. | 

In all patients reflux control was accomplished by 
hernia repair, and in 14 patients bile diversion was 
added for control of bile gastritis. A variety of reflux 
control operations were used. However, the most ef- 
fective results were achieved with total fundoplica- 
tion gastroplasty, and in this group of 22 patients 
there has been no anatomical recurrence and no re- 
flux. The partial fundoplication gastroplasty (Belsey 
type) was ineffective in reflux control and should not 
be used in patients who have had a previous gastric 
procedure. 

Reflux control and, when necessary, bile diversion 
give effective relief to patients with bile gastritis and 
esophageal reflux following gastric operation. 


The incidence of gastroesophageal reflux is in- 
creased following gastric operation [16]. Rea- 
sons for this increase are not clearly delineated, 
but it may be secondary to mechanical disrup- 
tion of the phrenoesophageal ligament and 
supporting structures or secondary to altered 
neurogenic and hormonal responses in the 
gastroesophageal junction [4, 5, 12, 14, 15]. 
Bile gastritis has been reported as a compli- 
cation of gastric procedures. It occurs most fre- 
quently following Billroth II resections, but is 
also reported after Billroth I resections or va- 
gotomy and drainage [1]. The incidence of bile 
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gastritis has not been clearly established, and 
since patients with this condition may be 
asymptomatic, it is difficult to do. When gas- 
troesophageal reflux is also present, the re- 
fluxed bolus contains bile. These patients have 
bile esophagitis in association with bile gas- 
tritis [2]. 

Patients with intractable symptoms of bile 
gastritis and bile esophagitis undergo opera- 
tion to achieve bile diversion, surgical correc- 
tion of gastroesophageal reflux, or a combina- 
tion of both procedures. When bile diversion 
by Roux-en-Y anastomosis is used, some au- 
thors have advocated the addition of vagotomy 
to further reduce gastric acidity and avoid 
stomal ulceration [2, 3, 6, 13]. Each of these op- 
erations has been recommended as the correct 
operative approach, based on the quality of re- 
sults reported. 

Controversy remains concerning the best 
surgical approach for patients with combined 
bile gastritis and bile esophagitis. In the pres- 
ent study, 70 patients who had undergone 
previous gastric operation and had intractable 
reflux symptoms were evaluated before a fur- ` 
ther procedure. This operative procedure was 
tailored to fit the findings of the preoperative 
investigations. All patients had an antireflux 
procedure, and bile diversion was added only 
in those with endoscopic evidence of moderate 
to severe bile gastritis. 


Materials and Methods 

Seventy patients who had had a previous gas- 
tric procedure and then experienced symp- 
tomatic gastroesophageal reflux were reviewed. 


‘Twenty-eight had undergone vagotomy and 


pyloroplasty; 4, vagotomy and gastroenteros- 
tomy; 11, Billroth I gastrectomy; and 27, Billroth 
II gastrectomy. For the purpose of evaluation, 
symptomatic and preoperative investigative 
comparison is made with 100 consecutive pa- 
tients who had not had previous gastric opera- 
tions but who required surgical correction of 
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Table 1. Reflux Symptoms: Comparison between 100 Consect:tive Patients 
with Reflux and 70 Patients with Reflux and Previous Gastric Operation 





Patients with Billroth I; 





Consecutive Previous Gastric Vagotomy and 

Patients Operation Drainage Billroth II 
Symptoms (N — 100) (N = 70) (N = 43) (N = 27) 
Duration of symptoms 5.1 yr 7.7 yr 2 yr 8.5 yr 
Heartburn 10090 10096 100% 100% 
Reflux 84% 83.1% 88.3% 78.5% 
Reflux and aspiration 21% 43.6% 44.1% 42.896 
Hiccup 33% 18.3% 20.9% 14.8% 
Burping 68% 59.1% 60.4% 59.2% 
Water brash 23% 31% 23.2% 44.4% 
Nausea 62% 74.3% 

Vomiting 37% 63.5% 58.1% 74% 
Dysphagia (total) 84% 78.8% 72% 92.6% 
Cricopharyngeal 58% 47.1% 46.5% 48.1% 
Aspiration 28% 23.9% 30.2% 14.2% 
Gastroesophageal 68% 67% 62.8% 77.790 
Regurgitation 3196 35.2% 32.5% 40.7% 
Peptic stricture 2% 5.796 4.6% 7.296 


gastroesophageal reflux. All patients were 
studied before operation by history, radiology, 
endoscopy, and esophageal manometry, and 
these findings were compared. 

The 70 patients who had had a previous gas- 
tric procedure were considered to have the po- 
tential of bile reflux. These patients had reflux 
correction by one of four techniques: standard 
Belsey hernia repair without esophageal 
lengthening; standard Belsey repair with the 
esophagus lengthened by  circumferential 
myotomy; gastroplasty with partial fundopli- 
cation (Belsey type); or gastroplasty with total 
fundoplication (Nissen type). In patients who 
had undergone a Billroth II gastrectomy or va- 
gotomy and gastroenterostomy and had severe 
bile, gastritis, a low enteroenterostomy or 
Roux-en- Y anastomosis was added for bile di- 
version. In follow-up evaluation, a proportion 
of patients with partial fundoplication gastro- 
plasty had failure of reflux correction and were 
converted to a total fundoplication gastroplasty 


[8]. 


— Results 


Symptom comparison was made between the 


70 patients with a”previous gastric procedure - 


operated on between May, 1971, and March, 
1977, and the 100 consecutive patients (without 
previous gastric operation) requiring a reflux 
procedure and operated on within a 16-month 
period up to March, 1977. Certain features of 
patient history are of note (Table 1). The major- 
ity of syraptoms occurred with equal frequency 
in those patients with uncomplicated reflux, 
those with a Billroth I gastrectomy or vagotomy 
and dra.nage,.and those with a previous 
Billroth II gastrectomy. Dysphagia was more 
common in patients who had had a Billroth II 
gastrectomy, and vomiting was more frequent 
and seveze in all patients who had undergone 
previous gastric operation, particularly in those 
who had had a Billroth II gastrectomy. 
Endoscopic and radiological methods were 
sed to determine the presence of ulcerative 
esophagicis and stricture formation. The inci- 
dence of these lesions was higher in the pa- 
tients wh» had had a previous gastric operation 
(Table 2). Manometric findings in both the pa- | 
tients wita uncomplicated reflux and those with 
a previous gastric operation were similar. Both 
groups hed a reduction in sphincteric tone and 
an increased percentage of lower esophageal 
disordered motor activity [11]. Previous hiatal 
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Table 2. Endoscopic and Manometric Comparisons 


Et Et 


100 Consecutive 70 with Previous Controls 

Factor Patients Gastric Operation (N = 9) 
Peptic stricture 2% 5.7% 
Ulcerative esophagitis 12% 15.7% 
Tone: gastroesophageal junction 11.3 cm H,O 11 cm H,O 18.8 cm HO 
Percent DMA 44.7% 52.6% 8.3% 
Previous hiatal hernia repair 21% 49.8% 
DMA = disordered motor activity. 
Table 3. Gastritis in Patients with Previous Gastric Operation 

Vagotomy and Vagotomy end 

Pyloroplasty Gastroenterostomy Billroth I Billroth II 
Gastritis (N = 28) (N = 4) (N = 11) (N = 27) 
Normal to mild 23 1 8 11 
Moderate 5 1 3 4 
Severe 0 2 0 12 


hernia repair had been performed in 21 patients 
(2196) in the uncomplicated reflux group and 
in 35 patients (49.896) in the group with pre- 
vious gastric operation. 

Endoscopy was used for assessment of bile 
gastritis. The findings were classified as normal 
to mild, moderate, and severe gastritis. The in- 
cidence of severe bile gastritis was highest in 
those with a previous Billroth II gastrectomy, 
but also occurred in 2 patients with a previous 
vagotomy and gastroenterostomy. Moderate 
gastritis was present in a proportion of all 
groups studied (Table 3). 

The method of surgical correction of reflux in 
those patients who had had a previous gastric 
procedure has changed during the six years of 
the present study. In the early years, esophageal 
lengthening was carried out either by gastro- 
plasty and partial fundoplication or by circum- 
ferential esophageal myotomy and Belsey fun- 
doplication. Esophageal lengthening was used 
in those with previous hernia repair or in those 
with esophageal shortening from panmural 
esophagitis. À standard Belsery hernia repair 
was the alternative method of hernia reduction 
and fixation. | 

Because of ineffective reflux control with 
gastroplasty and partial fundoplication. a new 


operative technique was developed and has 
been used with increasing frequency for two 
and a half years. This approach uses a gastro- 
plasty and total fundoplication of the Nissen type 
[8] (Fig 1). The total fundoplication gastroplasty 
is now used in all patients requiring reflux cor- 
rection. Some patients with severe continuing 
reflux following partial fundoplication gas- 
troplasty were converted to a total fundoplica- 
tion. | 

Pile diversion by low enteroenterostomy or 
by Roux-en-Y anastomosis was performed only 
in those patients with a previous Billroth II 
gastrectomy or vagotomy and gastroenteros- 
tomy who had severe gastritis. In these patients 
bile diversion was combined with an antireflux 
procedure. 


Operative Results 

Nine patients were treated by a transthoracic 
Belsey fundoplication and 7 by Belsey fundopli- 
cation and circumferential myotomy. Forty-two 
patients had a gastroplasty and partial fundo- 
plication; 10 required conversion to a total fun- 
doplication because of continued severe reflux. 
Twelve patients had a total fundoplication gas- 
troplasty as the primary method of reflux con- 
trol (Table 4). 
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3 1/2cm TF 


Fig 1. The technique of preparing a gastroplasty tube gastroplasty tube ts 5 cm in length. (C) The fundus of 
has been described previously [8]. The stomach fundus the stomach is sewn back to the gastroplasty tube and 


is mobilized into the chest and the fat pad is removed. distal 2 cmof esophagus (E) with interrupted mattress su- 

(A) Posterior crural sutures are placed. (B) The gas- tures. (D) The fundus is now completely wrapped, very 
troplasty tube (G) is cut over a 60F Maloney bougie and loosely, w th completion of fundoplication (TF) over a dis- 
closed in with two layers of continuous suture. The tance of 3 to 315 cm. 


Table 4. Results of Surgical Correction 


Stage I Stage II Stage IIIA Stage HIB 
Procedure (96) . (901 (96) (96) 
Standard Belsey (N = 7°) 57 28.6 0 14.3 
Belsey and circumferential myotomy (N = 7) 71.4 28.5 0 0 
Partial fundoplication gastroplasty (N = 42) 50 mo 47.6 0 
Total fundoplication gastroplasty (N = 12) 100 0 0 0 
Conversion from partial to total 100 0 0 0 


fundoplication gastroplasty (N = 10) 


“Two patients were lost to follow-up. ` 
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Two patients with a transthoracic Belsey fun- 
doplication were lost to follow-up. In the re- 
maining patients, average follow-up for those 
with the standard Belsey operation was 52.5 
months; wth the Belsey plus circumferential 
myotomy, 33.3 months; with partial fundopli- 
cation gastroplasty, 46.7 months, and with con- 
version to a total fundoplication gastroplasty, 
12.4 months; and with total fundoplication 
gastroplasty, 18.3 months. Adequate follow-up 
includes continued clinical evaluation and 
radiological studies with particular atter:tion to 
reflux. 

There was no operative mortality. A localized 
esophageal fistula developed in 1 patient, but it 
closed spontaneously in two weeks following 
tube drainage. 

Results for the 70 patients who had under- 
gone previous gastric operation were 
categorized as follows: 


Stagel: | Asymptomatic or with mild residual 
symptoms; no radiological recur- 
rence and no reflux 

Stage I: Minor symptoms; radiological reflux 


and no radiological recurrence 
Stage IIIA: Major reflux symptoms; radiological 

reflux and no radiological recurrence 
Stage IIIB: Radiological recurrence 


With standard Belsey fundoplication, Stage I 
results were achieved in 4 patients (57%); Stage 
II results in 2 patients (28.6%); and Stage HIB 
results in 1 patient (14.396) (see Table 4). With 
circumferential myotomy and Belsey repair, 
Stage I results were obtained in 5 patients 
(71.496) and Stage II results in 2 (28.596). There 
were no anatomical recurrences. 

Gastroplasty combined with partial fundopli- 
cation was the most common procedure in the 
early period of this study. The results obtained 
were unsatisfactory: Stage I in 21 patients (50%); 
Stage II in 1 patient (2.3%); and Stage IIIA in 
20 patients (47.6%). Because of failure of this 
method, 12 patients were treated by total fun- 
doplication gastroplasty and an additional 10 


were converted from partial to total fundoplica- ' 


tion. All 22 patients obtained total reflux control 
and were categorized as Stage I. 


Bile diversion was added in 12 patients with 
a Billroth II gastrectomy and in 2 patients with 
vagotomy and gastroenterostomy. Only 7 pa- 
tients have had follow-up endoscopy to assess 
the effect of diversion on the gastric mucosa. Of 
these 7 patients, 6 had an improvement in en- 
doscopic gastritis and 1 was unchanged. Reflux 
correction was by partial fundoplication gas- 
troplasty in 11 patients, total fundoplication 
gastroplasty in 2, and standard Belsey repair in 
1. Three patients with a partial fundoplication 
gastroplasty have continued symptomatic re- 
flux (Stage IIIA) and 1 has radiological reflux 
without symptoms (Stage II). All other patients 
have good clinical improvement. 


Comment 

Comparing the symptomatology of patients 
who had had a previous gastric operation and 
reflux with the symptoms in those patients with 
reflux demonstrated the only major difference 
to lie in the incidence of vomiting. Vomiting is 
a common symptom in patients with gas- 
troesophageal reflux. However, it becomes 
more common and frequently more severe in 
those with associated bile gastritis. Vomiting 
occurred more often in patients with a Billroth 
II gastrectomy versus a Billroth I gastrectomy or 
vagotomy and drainage (74% versus 58.1%) 
(see Table 1). The same statistics were obtained 
by comparing the incidence of vomiting with 
the presence or absence of moderate or severe 
gastritis (mild gastritis and vomiting, 5896; 
moderate or severe gastritis and vomiting, 
74%). In those patients with reflux and no pre- 
vious operative procedure, vomiting occurred 
in only 3796. Vomiting has been described as a 
major symptom of bile gastritis [1] and of gas- 
troesophageal reflux [7]. The present study 
demonstrates that when both disorders are 
combined, vomiting is even more severe. 

Dysphagia also was more common in those 
with bile gastritis, but this difference was not 
as striking and may be a reflection of the sever- 
ity of reflux. 

In experimental animals it is possible to pro- 
duce more severe esophagitis with bile than 
with hydrochloric acid, and the most severe 
esophagitis resulted from the combination of 
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Table 5. Risk Factors in Partial Fundoplication Gastroplasty 


Factcr No. of Patients Steges I, II (96) Stages IIIA, HIB (96) 
Reflux uncomplicated 28 97 3 
Peptic stricture 27 70 30 
Previous hiatal hernia 31 70 30 
Scleroderma y 57 43 
Previous gastric operation 42 50 50 
Total 135 70 30 





bile and acid [10]. In the present study, the in- 
cidence of ulcerative esophagitis and stricture 
was higher in those patients who had had pre- 
vious gastric operation than in those who had 
not (21.4% versus 14%) (see Table 2). Despite 
these endoscopic changes, there were no sig- 
nificant differences between the tone of the 
high-pressure zone and the percentage of dis- 
ordered motor activity in the lower esophagus. 

One very important difference between the 
patient groups studied was the incidence of 
failed previous attempts at reflux correction. 
This was much higher in patients with previous 
gastric operation (49.8% versus 21%). This high 
incidence of recurrent reflux may well reflect 
the difficulty in obtaining effective reflux con- 
trol in patients who have had previous gastric 
operation. Certainly in the present study, the 
partial fundoplication gastroplasty was ineffec- 
tive in reflux control. 


Surgical Reflux Control 

In a previous report, the results obtained with 
the partial fundoplication gastroplasty were 
analyzed and several factors were shown to 
predispose to continued reflux [8]. The major 
factors are ulcerative esophagitis or stricture, 


previcus operation for hiatal hernia, 


scleroderma, previous esophageal myotomy,, 
and previous gastric procedure (Table 5). If 


none of these are present and the hernia is 
otherwise uncomplicated, the partial fundopli- 
cation gastroplasty is reliable in reflux control 
and produces a very low incidence of anatom- 
ical recurrence. In the present study, in a group 
of 28 patients with an uncomplicated hernia, 1 
had ccntinued radiological reflux and none had 
radiological recurrence of the hernia. When risk 
factors are present, the incidence of poor results 


increases with peptic stricture and in the pres- 
ence of a previous hernia repair; is still higher 
with scleroderma; and is highest with previous 
gastric o>eration (see Table 5). 

In the total group of patients who had under- 
gone a =revious gastric procedure, the inci- 
dence of Stage III results using a partial fun- 
doplicati2n gastroplasty was 50%. In those with 
gastric operation but no previous esophageal 
procedure, the incidence of Stage III results was 
42.196, and in those who had had a previous 
hiatal hernia procedure as well, Stage III re- 
sults occurred in 59.196. These results are in 
sharp contrast with the results of total fundopli- 
cation gastroplasty. Follow-up information was 
available on 22 of these patients, and none 
showed evidence of reflux or anatomical recur- 
rence. 

Bile diversion by low enteroenterostomy or 
Roux-en- Y anastomosis was used only in those 
patients with severe bile gastritis who under- 
went Bilfoth II gastrectomy or vagotomy and 
gastroenterostomy. Follow-up endoscopy was 
available for only half of these patients, but 6 
out of 7 did show resolution of the gastritis. 

In evaluating the results of operation, good 
symptomztic relief has been found in patients 
who have effective reflux control. It is not pos- 
sible to determine whether bile gastritis is im- 
portant ir. the production of symptoms because 
for each 2atient with severe gastritis, bile di- 
version was added to the procedure. 

The magor therapeutic problem is how to ob- 
tain effeczive reflux control. That 49.8% of the 
patients i- this series had had at least one pre-. 


‘vious attempt at reflux control helps emphasize 


this poini The problem has been resolved by 
the use cf total fundoplication gastroplasty. 
Although the available statistics confirm that 
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Fig 2. In the normal esophagus, increased intraperito- 
neal pressure and selective increases of gastric pressure 
do not cause reflux because of the counterbalancing ef- 
fects of the intraabdominal esophagus, sphincteric tone, 
and the neurogenic (N) and hormonal (H) reflux mech- 
anisms. (^P = intraperitoneal pressure; D = diaphragm; 
Ts 7 gastroesophageal sphincteric pressure.) 


total fundoplication is more effective in reflux 
control, it is necessary to evaluate the factors 
involved and see if reasons for this difference 
can be determined. 

Under normal circumstances, several factors 
are involved in reflux control, and the diffi- 
culty lies in deciding the importance of each 
aspect of control (Fig 2). When the distal 
esophagus and high-pressure zone are subdia- 
phragmatic, the factors preventing reflux are 
the intraabdominal segment of esophagus, the 
high-pressure zone, and possible neurogenic 
and hormonal influences from the stomach [9]. 
Two types of reflux pressure have to be coun- 
terbalanced: diffuse increases in intraperitoneal 
pressure and selective gastric pressure in- 
creases such as may occur after eating or with 
increased gastric motor activity [10]. 

Increases in intraperitoneal pressure act on 
both the stomach and the intraabdominal seg- 
ment of esophagus and, therefore, are counter- 
balancing. The tone of the high-pressure zone 
remains as a pressure barrier supplemented by 
its pressure increases from neurogenic and 
hormonal reflexes. When gastric pressure is 
selectively increased, reflux is prevented by the 
tone of this zone and its neurological and hor- 
monal reflexes. 

The gastroplasty tube has been shown to 
markedly reduce the incidence of anatomical 
hernia recurrence, but has not proved effective 


in reflux control. The measurable tone of the 
gastroplasty tube is very low [8] and is unlikely 
to be a factor in reflux control. At present, the 
neurogenic and hormonal responsiveness of the 
gastroplasty tube is unknown. 

When the gastroplasty patient is exposed to 
intraperitoneal pressure increases, reflux con- 
trol is achieved by counterbalancing pressure 
increases from extrinsic compression on both 
the gastroplasty tube and the high-pressure 
zone. In this situation, the gastroplasty tube 
seems theoretically to add to the competence 
mechanism. 

When selective gastric pressure increases 
occur, there are no counterbalancing effects 
and the low-tone gastroplasty tube is no longer 
an effective pressure barrier. If the high-pres- 
sure zone is low toned and if it is no longer 
responsive to neurogenic or hormonal influ- 
ences because of preexisting disease or surgical 
damage, then reflux is likely to occur. In this 
situation, the type of fundoplication is critical. 
With a partial fundoplication (240-degree 
wrap), selective gastric pressure increases are 
partially but not completely transmitted around 
the gastroplasty tube and high-pressure zone. 
Using the total fundoplication gastroplasty 
(360-degree wrap), reflux is controlled by effec- 
tive transmission of gastric pressure to either 
the gastroplasty tube or the high-pressure zone, 
or to both structures (Figs 3, 4). 

In the patients reviewed here, many high- 
risk factors were present, including a low-tone 
high-pressure zone, previous esophageal oper- 
ation, esophageal shortening from ulceration 
and stricture, and previous gastric operation. 
Under these conditions, the tone of the high- 
pressure zone and its responsiveness to 
neurogenic and hormonal stimuli are inevitably 
reduced. Partial fundoplication gastroplasty is 
ineffective. 

In patients with major esophageal disease 
and a previous gastric procedure, total fundo- 
plication with gastroplasty is the most effective 
surgical method of obtaining reflux control. 
When effective reflux control is achieved, there 


'is good symptomatic relief. 


The combination of a previous gastric proce- 
dure and gastroesophageal reflux produces 
major difficulties in efforts to provide effective 
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Fig 3. The gastroplasty tube has a low intrinsic tone and 
assists in preventing reflux when intraperitoneal pres- 
sure (^P) increases but is ineffective in the presence of 
selective gastric pressure increases. The partial fundo- 
plication does not transmit total gastric pressure to the 
gastroplasty tube. Therefore, increases in gastric pres- 
sure may result in reflux. (To = gastroplasty tubal tone; 
Ty = sphincteric tone; D = diaphragm; R + R, = 
transmission of gastric pressure by the fundoplication; X 
= loss of pressure transmission due to the incomplete 
fundoplication.) 


symptomatic relief. Seventy patients with this 
combination were studied by history, radiol- 
ogy, endoscopy, and esophageal manometry, 
before surgical reflux control. Vomiting was 
frequent, and there was also a high incidence of 


Fig 4. Again, the gastroplasty tube does not by itself 
prevent reflux when there are selective increases in 
gastric pressure. With the addition of total fundoplica- 
tion, gastric pressure is totally transmitted around the 
gastroplasty tube, and reflux control is effective. (Tg = 
gastroplasty tubal pressure; Ts = sphincteric pressure; 
D = diaphragm; ?P = intraperitoneal pressure; R + R, 
= transmission of gastric pressure by the fundoplica- 
tion.) 
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dysphazia and of endoscopic ulcerative 
esophagitis and stricture. Almost half of these 
patients had undergone a previous hiatal her- 
nia procedure that had failed to correct reflux. 

A vaziety of surgical approaches for reflux 
control were used in the early stages of this 
study, including standard Belsey repair, Belsey 
repair 2lus esophageal lengthening by cir- 
cumferential myotomy, and partial fundoplica- 
tion gastroplasty. Because ineffective reflux 
control was obtained using these methods, a 
total funcoplication gastroplasty was used and 
none of the 22 patients treated in this manner 
have haz reflux recurrence. 

Bile diversion was reserved for patients with 
severe bile gastritis. These patients have pro- 
gressed satisfactorily, and part of their symptom 
relief is probably related to the diversion. In 
those who had follow-up endoscopy, most 
showed effective resolution of gastritis. 

The combination of total fundoplication gas- 
troplasty and bile diversion, when necessary, is 
an effective surgical approach to the patient 
with bile reflux. 


R*R4 


57] Henderson: Gastroesophageal Reflux after Gastric Operation 


References 
]. Bushkin FL, Deford JW, Wickborn G, et al: A 
clinical evaluation of postoperative alkaline re- 
flux gastritis. Am Surg 41:88, 1975 
2. Bushkin FL, Woodward AR: Alkaline reflux 
esophagitis. Major Probl Clin Surg 29:64, 1976 
3. Capper WM, Butler TJ, Kilby JP: Reversal of 
non-Addisonian achlorhydria by a Roux-en-Y 
loop. Gut 8:612, 1967 
4. Castell DO, Harris LD: Hormonal control of gas- 
troesophageal sphincter strength. N Engl J Med 
282:886, 1970 
5. Cohen S, Lipshutz W: Hormonal regulation of 
human lower esophageal sphincter competence; 
interaction of gastrin and secretin. J Clin Invest 
50:449, 1971 
6. Coppinger WR, Job H, De Lauro JE, et al: Surgi- 
cal treatment of reflux gastritis and esophagitis. 
Arch Surg 106:463, 1973 
7. Henderson RD: Motor Disorders of the 
Esophagus. Baltimore, Williams & Wilkins, 1976, 
p 48 
8. Henderson RD: Reflux control following gas- 
troplasty. Ann Thorac Surg 24:206, 1977 
9. Henderson RD: The gastroplasty tube as a 
method of reflux control. Can J Surg 21:264, 1978 
10. Henderson RD, Magashe FL, Jeejeebhoy KN, et 
al: Synergism of acid and bile salts in che pro- 
duction of experimental esophagitis. Can J Surg 
16:12, 1973 
11. Henderson RD, Pearson FG: Preoperative as- 
sessment of esophageal pathology. J Thcrac Car- 
diovasc Surg 72:512, 1976 
12. Henderson RD, Rodney K: Tone of the gas- 
troesophageal junction; its response to abdomi- 
nal compression and to swallowing. Can J Surg 
14:328, 1971 
13. Himal HS: Alkaline gastritis and alkaline 
esophagitis: a review. Can J Surg 20:405, 1977 
14. Ingelfinger FJ: The sphincter that is a sphinx. N 
Engl J Med 284:1095, 1971 . 
15. Lind JF. Warrian WG, Warkling WJ: Responses 
of the gastroesophageal junctional zone to in- 
creases in abdominal pressure. Can J Surg 9:32, 
1966 
16. Windsor CWO: Gastroesophageal reflux after 
partial gastrectomy. Br Med J 2:1233, 1964 


Discussion 

DR. THOMAS B. FERGUSON (St. Louis, MQ): I was 
pleased that Dr. Henderson provided me with a copy 
of the manuscript before the meeting because I found 
the abstract somewhat confusing and the title of the 


paper perhaps a little misleading. It suggests that , 


gastric resection per se produces reflux, which, I 
think, is not the case. l 
Esophageal reflux after a gastric operation means 


to me one of two things: either the patient had a 
preexisting hiatal hernia that was not repaired at the 
time of gastric operation or a hiatal hernia was 
created at the time of gastric operation by mobiliza- 
tion and destruction of the supporting ligaments 
around the cardioesophageal junction. That preexist- 
ing hernia was a factor in Dr. Henderson’s series is 
suggested by the fact that 5096 of the patients had 
had a "previous hiatal hernia repair." The paper 
does not elaborate on these operations, nor is there 
laboratory or roentgenographic data as to the efficacy 
of the repairs done before gastrectomy. 

The second cause for reflux—disruption of the 
phrenoesophageal ligament—may result from ab- 
dominal vagectomy, just as hernia with reflux has 
been reported after laparotomy for a Heller myotomy 
to correct achalasia. In fact, 28 of the 70 patients in 
the present series, or 40%, had vagectomy. 

] have no experience with this group of patients, 
but | polled the gastric surgeons at Barnes Hospital 
who tell me that in their combined experience the 
incidence of reflux, bile or otherwise, after a gastric 
resection is almost nil unless the patient has had an 
associated hiatal hernia that was not corrected. It 
would be interesting to know the population base 
from which these 70 patients were derived. 

Also, in the experience of the Barnes surgeons the 
incidence of bile gastritis and esophagitis is very 
low. They agree that when either does occur, en- 
teroenterostomy is not a good procedure and recom- 
mend an isoperistaltic jejunal loop combined with a 
Nissen fundoplication. 

On the positive side, Dr. Henderson’s study does 
point out that when symptomatic reflux is present in 
association with a previous gastric operation, control 
of the reflux is more difficult than when uncompli- 
cated hiatal hernia is present. His method of dealing 
with the problem, namely, gastroplasty combined 
with Nissen fundoplication, seems from his data to 
be the most effective method of control. 


DR. NICHOLAS J. DEMOS (Jersey City, NJ): Out of a 
group of more than 50 patients having hiatal hernio- 
plasty, 7 who underwent subtotal gastrectomy 
required an antireflux operation. Our simple gastro- 
plasty combined with total fundoplication is anatom-, 
ically frugal and avoids a major reduction of the small 
gastric remnant. We divide neither the stomach nor 
the short gastric vessels. We simply staple the fundus 
to prolong the esophagus and obviate extensive 
esophageal dissection and its complications. A few 
sutures at the rim of the plicated fundus anchor the 
organ under the diaphragm. No sutures are made in 
the fragile esophageal wall at any time. 

In the very rare instance of an irreducible cardia, 
our stapling is done lower down in the fundus, 
which easily achieves an infradiaphragmatic posi- 
tion for the plicated fundus. 
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We have not needed additional procedures to en- 
large the gastric reservoir, which looks adequate after 
the frugal fundoplication that we perform. 


DR. MARK BURTON ORRINGER (Ann Arbor, MI): | 
would like to commend Dr. Henderson for his out- 
standing results in this very difficult group of pa- 
tients. In our hands, the combination of the Collis 
gastroplasty and Belsey hiatal hernia repair has been 
associated with a 16% incidence of recurrent reflux 
symptomatically and almost a 30% incidence of re- 
current reflux with pH reflux testing. Therefore we 
now use the Collis gastroplasty in combination with 
a 360-degree Nissen fundoplication and have docu- 
mented much better early reflux control. 

J want now to focus on the real problem under 
discussion—not the best means of controlling reflux, 
but rather how to manage the patient with severe 
epigastric and chest pain, early satiety, regurgita- 
tion, vomiting, and weight loss following a prior gas- 
tric operation. Gastroesophageal reflux may often be 
present, but precise documentation of the associated 
esophageal and gastric pathophys:ology is essential 
in planning a rational program of management. If 
gastric analysis shows continued acid production 
after vagotomy or gastric resection, a transthoracic 
completion vagotomy in addition to an antireflux op- 
eration is needed. If there is bile in the stomach at 
endoscopy or as proved by high sodium concentra- 
tion in the gastric aspirate, bile gastritis may be the 
major problem even though there may be no clear 
evidence of inflammation of the stomach. In this in- 
stance, diversion of bile from the stomach may be 
quite adequate therapy. 

A Collis-Belsey or Collis-Nissen operation can cer- 
tainly be performed when there is only a small gastric 
remnant, and control of reflux can be achieved. But if 
there is gastric irritation by bile, continued abdomi- 
nal pain and early satiety may remain incapacitating 
and require the addition of a later biliary diversion 
procedure. This added procedure was necessary in 4 
of our 12 patients with this condition who were 
treated with either a Collis-Belsey or Collis-Nissen 
operation. Finally, the pain in 2 of our postgastrec- 
tomy patients was not from reflux esophagitis or bile 
gastritis, but rather from esophageal spasm that re- 
quired esophagomyotomy for relief. 

I would ask Dr. Henderson, then, if he does not 
think additional diagnostic measures—specifically, 
gastric analysis, gastroscopy, and a histamine stimu- 
lation test. —might be indicated to differentiate the 
patient with peptic esophagitis from the one in 
whom bile reflux esophagitis or gastritis or a combi- 
nation of these is occurring. In our experience, this 
differentiation is of paramount importance in plan- 
ning successful operative treatment. 


DR. JOEL COOPER (Toronto, Ont, Canada): I, too, con- 
gratulate Dr. Henderson on approaching a difficult 
and very complicated subject. I had the good fortune 


to train with Mr. Belsey, as did my colleague Dr. 
Pearson, and I was a colleague of Dr. Henderson's for 
four yeazs when he was with our division at the To- 
ronto General Hospital. 

I want to emphasize a point he has already made, 
namely, that his operation differs in an essential way 
from the Belsey Mark IV repair. The Belsey repair 
employs three mattress sutures that incorporate 
esophagus, stomach, and diaphragm and hold these 
structures in a fixed relationship. Dr. Henderson's 
repair dces not utilize these three sutures. Therefore, 
I think izinappropriate for Dr. Henderson to describe 
his own, "Henderson," repair as a Belsey or a mod- 
ified Belsey repair. Furthermore, it is particularly in- 
appropriate to use the unsatisfactory results obtained 
with his repair to indict the Belsey Mark IV repair. 

The ditferences between the Henderson repair and 
the Belsey repair are evident in the results. Man- 
ometrically, Dr. Henderson has reported that sphinc- 
ter pressures at one year following operation in his 
group of Collis-Henderson repairs are below the pre- 
operative values. In our series of Collis-Belsey re- 
pairs, the sphincter pressures average 24/2 times the 
preoperative values, even at one year following oper- 
ation. 

Clinicaly, Dr. Henderson has found an incidence 
of 2596 o: recurrent, troublesome symptoms follow- 
ing the Henderson-Collis combination. However, in 
214 patients who had a Collis-Belsey repair for com- . 
plicated croblems and who have been followed from 
two to th:rteen years with 9696 seen during 1977 for 
evaluation, only 596 have symptomatic recurrence. 

Therefcre, 1 would ask Dr. Henderson to what he 
attributes the unsatisfactory results when he adds the 
Collis gastroplasty to his own repair, particularly 
since he seems satisfied with the results of his own 
repair—recurrence of only 396. If he traces the un- 
satisfactory results to the Collis gastroplasty, why 
does he now add that procedure to the Nissen repair? 


DR. HENDERSON: | have been in this argument before, 
and the tc pics covered are very familiar. With refer- 
ence to Dr. Cooper's remarks, there are some points 
that are very important. First, the method I have used 
for doing the Belsey or partial fundoplication gas- 
troplasty is identical to that used by Dr. Pearson ex- 
cept for the addition of sutures from the fundus of 
the stomach to the diaphragm. This does not in any 
way alter the amount of gastroplasty tube wrapped 
by stomach and is not associated with a higher inci- 
dence of anatomical recurrence. Knowing these facts, 
lam surprised Dr. Cooper considers the point impor- 
tant. Second, the repair done by Dr. Pearson is not a 
Belsey Mark IV repair. It incorporates three rows of 


. sutures frem gastroplasty to stomach and is clearly a 


variation of the Belsey technique. This point is dis- 
played in Dr. Pearson's movie on the Belsey gastro- 
plasty. Third, Dr. Orringer has used an absolutely 
standard Belsey Mark IV technique and is reporting a 


J 
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30% incidence of continued reflux. Further, Dr. Pear- 
son was reporting 6.5% bad results last year. He con- 
tinues to have about the same percentage of bad re- 
sults but recognizes that 13% of patients have reflux. 
In my experience, when radiological reflux develops 
in a large number of patients, additional major symp- 
toms occur. 

The final point | would like to make is that using 
the standard Belsey repair, Dr. DeMeester has docu- 
mented a 50% incidence of gastroesophageal reflux 
in follow-up; 20% of these patients were symptomat- 
ic. We have to accept that the Belsey type cf partial 
fundoplication is associated with a high incidence of 
continued reflux. Mr. Belsey himself does not believe 


Notice from the Editor and the Editorial Board 

The Editor and members of the Editorial Board are 
grateful for the assistance given in the review of cer- 
tain manuscripts during the past vear by the fallow- 


that his wrap-around has anything to do with reflux 
control. 

Dr. Ferguson’s remarks were very pertinent. He 
questions whether or not a previous gastric opera- 
tion produces reflux. Windsor published a paper in 
1964 indicating that in 50% of patients who had pre- 
viously undergone a gastric procedure, reflux does 
develop. 

Finally, I want to emphasize that many of the pa- 
tients in my study are extremely ill. Indeed, many are 
in the salvage group who were true gastric cripples 
following a radical Billroth II resection. In this type of 
patient, effective reflux control coupled with bile di- 
version has produced a very satisfactory result. 
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Lesser Curvature Tubular Gastroplasty 
with Partial Plication for Gastroesophageal Reflux: 
Manometric and pH-metric Postoperative Studies 


Adolfo Benages, M.D., Francisco Paris, M.D., Mantel T. Ridocci, M.D., 
Vicente Tarazona, M.D., Ramón Molina, M.D., Francisco Mora, M.D., 
Antonio Cantó, M.D., Maximiliano Lloret, M.D., 


and Guillermo Garrido, M.D. 


ABSTRACT Thirty-four patients with sliding hiatal 
hernia, gastroesophageal reflux, or both were treated 
by lesser curvature gastroplasty with partial gastric 
plication, using a surgical stapler. Before operation, 
esophageal manometric studies were performed in 
33 patients and during the early postoperative period 
(1 to 3 months), in 34. The esophageal pH test was 
performed before operation in 22 patients, shortly 
after discharge in 27, and later in 30 patients. The 
clinical results were considered satisfactory in 30 
patients (8896) after follow-up ranging from 18 to 33 
months (average, 23 months). 

Before the procedure, the abdominal compression 
test was positive in 25 of 30 patients (83%). In early 
postoperative studies it was positive in 1 out of 34 
patients (396), but in the second series of postopera- 
tive studies it was positive in 9 out of 32 (2896). After 
instillation of hydrochloric acid into the stomach, 
the esophageal.pH test was considered positive in 17 
out of 22 patients in preoperative studies (77%). In 
early postoperative studies the test was positive in 3 
out of 27 patients (11%) and one year later, in 7 out of 
30 (23%). The later postoperative studies showed a 
higher number of positive reflux tests than the early 
studies, 28 and 2396 positive in manometric and pH 
tests, respectively. 


Gastroesophageal reflux is the principal prob- 
lem of patients with sliding hiatal hernia. Its 
prevention should be the primary objective of 
surgical repair [21]. From January, 1975, to May, 
1976, we operated on a series of patients with 
this abnormality and used a surgical procedure 
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[18] thatincludes parts of three antireflux opera- 
tions: tke Collis gastroplasty [6], the Nissen pli- 
cation [13], and the Belsey Mark IV repair [21]. 


Materia. and Method 

Thirty-four consecutive patients were treated 
by the antireflux procedure to be described. 
Thirty-two patients had a sliding hernia, 1 after 
recurrence of a Nissen repair, and 2 had gas- 
troesophageal reflux without hernia. The most 
commor. clinical symptoms were the following: 
heartburn, 30 patients (8896); dysphagia, 18 pa- 
tients (53%), severe in 4; reflux into the throat, 
16 patients (4796); and hematemesis, melena, or 
severe anemia, 7 patients (2196). Eight patients 
had esophageal stricture—4, the severe type 
and 4, she mild type—diagnosed by barium 
swallow and esophagoscopy. 

In 5 patients with concomitant diffuse 
esophageal spasm, an esophageal myotomy in 
combination with the antireflux operation was 
performed as proposed by Brindley [4], Bom- 
beck anc associates [3], and Cross and Jones [7]. 

Gastrcduodenal ulcer was present in 7 pa- 
tients, who had an additional vagotomy, and 1 
patient with gallstones had a cholecystectomy. 
All 34 ratients had a barium swallow exam- 
ination before they were discharged and, at the 
time of writing, had been followed for 18 to 33 
months after operation. A new roentgeno- 
graphic study was made either if the patient re- 
ported recurrence of gastroesophageal reflux or 
at the last postoperative visit (at least 18 months 
after surzical treatment). 

Esophageal manometric studies were per- 
formed ia 33 patients before operation and dur- 
ing the early postoperative period (1 to 3 
months) in 34. A second series of studies was 
carried cut (12 to 24 months following opera- 
tion) in 32 patients. Manometric studies were 
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performed through pressure  transducers 
(Hewlett-Packard 1280-C) using two polyvinyl 
water-filled, open-tipped esophageal catheters 
(1.5 mm in diameter). Readings were taken 
simultaneously at two points 5 cm apart with 
the direct writing Hewlett-Packard Model 
7754A. For yield pressure, the catheters were 
continuously perfused by a Harvard 975 pump 
at a rate of 1.2 ml per minute. The resting and 
swallowing pressures were recorded every 0.5 
cm as the catheters were withdrawn through 
the gastroesophageal junction and at intervals 
of 1 cm in the esophagus. Finally, the pressures 
were recorded every 0.5 cm at the pharyn- 
goesophageal junction. 

The abdominal compression test (common 
cavity test) was done as described by Butter- 
field and associates [5]: if abdominal compres- 
sion increased the esophageal pressure to at 
least 50% of the value reached in the stomach, 
the test was considered positive. 

The esophageal pH test was performed before 
operation in 22 patients, early after discharge in 
27, and later in 30 patients. We used :he elec- 
trode radiometer GK 282C and the pH-meter 
radiometer PHM 28 with direct-writing record- 
ing in the Hewlett-Packard model using the 
8803A amplifier. The pH electrode was placed 3 
to 4 cm above the high-pressure zone of the 
esophagus after instillation of 250 ml of 0.1 N 
hydrochloric acid into the stomach. Esophageal 
pH was studied when the patient performed 
the Valsalva and Müller maneuvers in the 
supine and in the Trendelenburg position [25] 
and when manual abdominal compression was 
done. Gastroesophageal reflux was considered 
to be present if the pH in the lower esophagus 
dropped to less than 4.0. 


Surgical Technique 

A left lateral thoracotomy is made through the 
sixth rib interspace. The procedure is carried 
out either through the hiatus without opening 
the diaphragm or by an anterolateral detach- 
ment of the diaphragm, depending on anatom- 
ical circumstances. 


After exposure of the gastroesophageal junc- 


tion, the upper gastrosplenic vessels are di- 
vided, and a surgical stapler is placed on the 
lesser gastric curvature, with a perorally intro- 


duced Ewald rubber stomach tube (external 
diameter, 14 mm; internal diameter, 7 mm) in 
place. The mechanical staplers used were the 
TA 55 and the TA 90 (Auto-Suture Instruments, 
USA) and the UTL (Medexport, Moscow, 
USSR). 

A gastric tube is fashioned, as shown in Fig- 
ure 1A, without sectioning the stomach. The 
gastric body is plicated 270 degrees round the 
tube with two layers of nonabsorbable sutures, 
and the fundus is wrapped around two-thirds 
of the esophagus. Finally, the two halves of the 
right diaphragmatic crus are approximated be- 
hind the esophagus, and the diaphragm is rein- 
serted if it is detached. 

When esophageal shortening is present, a 
longitudinal incision in the proximal portion of 
the gastric tube is made. This allows restoration 
of the stomach below the diaphragm without 
any tension (Fig 1B). When there is severe fi- 
brous stricture, Hegar dilators are passed up 
through a gastrostomy as described by Pearson 
and associates [20]. 


Results 

Clinical Results 

There was no postoperative mortality. Air dis- 
tention of the stomach due to difficulty in 
belching, the so-called gas bloat syndrome of 
Woodward and colleagues [25], was not a prob- 
lem. It appeared in only 1 patient and lasted 
forty-eight hours. 

Dysphagia was a common postoperative 
symptom that decreased spontaneously. 
Twelve patients with no esophageal stricture 
complained of mild postoperative dysphagia at 
the time of discharge. Dysphagia was present 
in 7 of these 12 when the early postoperative 
studies were carried out and remained in only 1 
patient 3 months after operation. Of 4 patients 
with severe dysphagia produced by an 
esophageal stricture, 2 were asymptomatic 
when discharged and 2 complained of mild 
dysphagia but had no heartburn. Several 
months later, 1 of the symptomatic patients 
became asymptomatic while the other was 
handicapped by recurrence of progressive gas- 
troesophageal reflux. Of the 2 asymptomatic pa- 
tients, 1 remained asymptomatic but the other 
had dysphagia again because of late recurrence 
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Fig 1. The surgical procedure used in (A) patients with- 
. out esophageal fibrosis and (B) patients with fibrous 
stricture, shortening of the esophagus, or both. Dilation 
of the stricture and gastric section are done before the 
eastroplication. 


of gastroesophageal reflux and peptic stricture 
of the esophagus. 

The early postoperative results with regard to 
heartburn and reflux to the throat were excel- 
lent in 33 patients, but 1 had occasional mild 
heartburn. After follow-up of at least 18 months 
(range, 18 to 33 months; mean, 23 months), the 
total clinical results were the following: 26 
asymptomatic patients; 3 patients with symp- 
toms not related to gastroesophageal reflux; 1 
improved but still experiencing mild heartburn 
when bending down; and 4 requiring a second 
operation because of symptoms due to gas- 


troesophageal reflux. The operative results were ` 


considered satisfactory in 30 of the 34 patients 
(8896). ^ 

No symptoms of gastroesophageal reflux 
reappeared in any of the 5 patients who under- 


December 1978 





e 


went an additional esophageal myotomy be- 
cause of concomitant diffuse esophageal spasm. 

Early r»entgenographic postoperative studies 
revealed a new gastroesophageal junction (Fig 
2) and disappearance of spontaneous positional 
reflux in 32 of the 33 patients studied. Later 
roentgenographic postoperative examinations 
revealed gastroesophageal reflux in 8 of 34 pa- 
tients. 


Manometic Studies and pH Reflux Test 
Although manometric studies do not directly 
measure gastroesophageal competence or re- 
flux, they allow one to study the intraluminal 
high-pressure zone before and after treatment 
[8, 11, 12] as well as the percentage of positive 
results with the abdominal compression test. 
In the »atients who underwent operation the 
mean preoperative high-pressure zone (maxi- 
mal yield pressure) of 11.20 + 8.19 mm Hg was 
less than that obtained from 38 control subjects 
(18.11 + 7.76 mm Hg). This preoperative value 
increasec in the first postoperative studies to 
17.31 + 10.50 mm Hg, including readings from 
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Fig 2. Postoperative roentgenogram of the gas- 
troesophageal junction when the patient was in the 
Trendelenburg position and swallowed, and manomet- 
ric studies of the high-pressure zone. (PN = pneumo- 
graph; e = expiration; i = inspiration; 0 = 0 mm Hg.) 





the 5 patients who underwent an additional 
myotomy. In the second series of postoperative 
studies the value decreased to 13.69 + 7.24 mm 
Hg (Fig 3). The difference in values between the 
preoperative and early postoperative studies by 
paired t test was statistically significant (p < 
0.01), but it was not statistically significant be- 
tween the preoperative and late postoperative 
studies (p > 0.05). 

In the patients who had additional myotomy, 
the mean of the maximal values for the high- 
pressure zone changed from a preoperative 
level of 15.30 + 8.28 mm Hg to levels of 13.30 + 
9.03 in the first postoperative studies and 17.50 
t 9.41 mm Hg in second postoperative studies. 

The average length of the high-pressure zone 
before operation (4.89 + 1.97 cm) exceeded the 
value (3.07 + 0.57 cm) obtained from control 
subjects. It did not increase significantly after 


operation, when it was 5.59 + 1.58 cm, al- ' 


though it did change in form. The high- 
pressure zone has a first segment that corre- 
sponds to the gastric tube, followed upward by 
the true sphincter, which is marked by an acute 
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Fig 3. Mean and standard deviation values of the high- 
pressure zone in preoperative and in first and second 
postoperative studies (n = number of patients). In the 
preoperative period, this pressure was not calculated in 
5 patients because the catheter could not be passed 
through the hiatus to the portion of stomach resting in 
the abdomen. In the late postoperative studies, 2 asymp- 
tomatic patients refused further tests. 


increase of pressure (see Fig 2). The length of 
the high-pressure zone shortened in the late 
postoperative studies, with a mean value of 
4.24 + 1.32 cm. 

Before operation the abdominal compression 
test was carried out in 30 patients and was con- 
sidered positive in 25 (83%) as shown in Fig 4. 
The test was performed in 21 control subjects 
and was negative in all. In the early postopera- 
tive studies, the abdominal compression test 
was done in 34 patients and was considered 
negative (Fig 5) in all but 3 (9%). In the later 
postoperative studies, the test was positive in 9 
out of 32 patients (28%); 3 of the 9 patients had 
clinical recurrence of gastroesophageal reflux 
and 6 were asymptomatic. 

Disordered esophageal motor activity was 
found by manometry in 9 patients before oper- 
ation. In these patients, not less than 40% of 
swallowing waves were found to be of higher 
amplitude and longer duration than normal 
waves. There was also a greater incidence of 
simultaneous or repetitive nonperistaltic waves 
or a combination of these. Five of the 9 patients 
underwent esophageal myotomy, and the swal- 
lowing wave pressures were noticeably lower 
after operation. This occurs also in idiopathic 
diffuse esophageal spasm [17]. On the other 
hand, after performance of the antireflux op- 


578 The Annals of Thoracic Surgery Vol 26 No 6 December 1978 


COMMON CAVITY TEST 


Percent of 


positives 


ESOPHÁN | t d E. VN Preoperative 2550 83 % 


lI ‘ 
Ld | 





First postop 354 95 
| Second postop 952 28% 
abdominal 
compression 
ACID REFLUX TEST 
pH 
8- 
; 17, 
HE | Preoperative /22 717% 
2- 2 
0- | Second postop 30 23% 





Fig 4. On the left are examples of positive manometric 
(see text) and pH reflux tests. On the right are the per- 
cent of positive results in the preoperative studies and 

the first and second postoperative studies. 
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Fig 5. Example ofa postoperative negative common 
cavity test. Manual abdominal compression does not in- 
crease the esophageal pressure or produce reflux of 
barium from the stomach to the esophagus. 
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Postoperative Motor Activity of the Esophageal 
Body in Patients Without Preoperative Motor 
Disorders? 


Percent of First Studies Second Studies 
Abnormal 

Swallowing No. of No. of 

Waves Patients Percent Patients Percent 
< 40 18/24 75 18/22 82 
40—50 2/24 8 4/22 18 
51-60 2/24 8 0/22 0 

60 2/24 8 0/22 0 


“Excluding 9 patients who had preoperative manometric 
hypermotility disorders (40% of abnormal waves) and 1 
who did not have preoperative manometric studies. 


eration described, motor disorders of the 
esophageal body appeared in patients who had 
not had preoperative disordered motor activity 
(Table). 

After instillation of hydrochloric acid into the 
stomach and when the patient performed the 
Valsalva or Müller maneuvers [22] or was 
subjected to abdominal compression, the 
esophageal pH test was considered positive in 
17 out of 22 patients who had preoperative 
studies (77%). In the early postoperative stud- 
ies, the test was positive in 3 out of 27 patients 
(11%) and a year later in 7 out of 30 (23%) (see 
Fig 4). The esophageal pH test was performed 
in 21 control subjects and was positive in 2 
(10%). 


Comment 

Long-term follow-up of patients who have 
undergone procedures to correct gastro- 
esophageal reflux indicates some recurrence 
of this condition, according to Donnelly [10] 
and Orringer [15] and their co-workers. For this 
reason Urschel and associates [24] suggested 
the combined Collis-Belsey operation for pa- 
tients with high risk of postoperative recur- 
rence of reflux. Factors conducive to recurrence 
include obesity, older age, pulmonary disease, 
and previous hiatal hernia repair. This ap- 
proach was proposed previously by Pearson 
and co-workers [20], who added the Belsey 


hiatus hernia repair to the Collis gastroplasty ' 


[6] in the management of peptic stricture with 
acquired short esophagus. Urschel [23], Or- 
ringer and Sloan [16], and Payne [19] con- 
sidered this surgical procedure the primary op- 


eration to be used in all patients with 
gastroesophageal reflux. In 1977 Orringer [14] 
stated that control of reflux after the Collis gas- 
troplasty is better when a 360-degree fundopli- 
cation is used rather than a partial gastric wrap. 

In our technique the gastric tube is made 
with a stapler, and without any section of 
the stomach, in patients with esophageal short- 
ening. Demos and colleagues [9] also have 
used the mechanical stapler without sectioning 
the stomach. However, they added a Nissen 
fundoplication of 360 degrees and left the pli- 
cated segment above the diaphragm when nec- 
essary. In our procedure we make a plication 
with the body of the stomach of 270 degrees 
around the unsectioned gastric tube and finish 
the operation with a partial fundoplication. We 
never leave the valvoplasty above the dia- 
phragm; if the esophagus is short, we section 
the proximal portion of gastric tube to replace 
the new junction below the diaphragm. 

Manometric studies and the esophageal pH 
test are the measures most widely used to study 
gastroesophageal reflux. Belsey [1] has em- 
phasized the importance of these tests in diag- 
nosis and evaluation of surgical results in pa- 
tients with gastroesophageal reflux. 

We have drawn some conclusions based on 
the results of our proposed surgical procedure. 
After operation, air distention of the stomach 
was not a problem and voluntary eructation 
was possible. Early postoperative dysphagia, 
when present, generally disappeared 3 months 
after the operation. It persisted or reappeared in 
only 3 patients; in 1 it was related to the antire- 
flux procedure and in the other 2, to recurrence 
of gastroesophageal reflux. 

The early postoperative results were satisfac- 
tory. Early postoperative manometric studies 
showed an increase in the high-pressure zone 
relative to preoperative values. After surgical 
treatment, the high-pressure zone depended on 
the lower esophageal sphincter tone and the 
abdominal pressure acting over the gastric tube 
with subsequent fundoplication. The immedi- 
ate effects of the antireflux mechanism created 
by the proposed operation are confirmed by the 
high percentage of unaltered manometric and 
esophageal pH figures when maneuvers in- 
creasing intraabdominal pressure are per- 
formed. 
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Nevertheless, after a follow-up of at least 18 
months (average, 23 months) the initial good 
results in 33 of the 34 patients were impaired, 
giving 12% unsatisfactory results. The later 
postoperative studies showed a higher number 
of positive reflux tests than the early studies. In 
manometric and pH reflux tests the results 
were 28 and 23% positive, respectively, figures 
similar to those published by Orringer and 
Sloan [16]. Out of 19 postoperative acid reflux 
tests performed within 1 to 6 months after the 
Collis-Belsey operation, they had 5 positive re- 
sults (26%). 

We emphasize the differences between the 
clinical results and the late postoperative mano- 
metric and pH-metric tests. They could be re- 
lated to several factors: (1) variation in patient 
sensibility, (2) resistance of the mucosa of the 
esophagus to the effect of gastric juice, (3) quan- 
tity and quality of the refluxed material, and (4) 
duration of the reflux exposure. To evaluate 
definitive results, long follow-up of a series of 
patients is required [1, 2]. 
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this warranty program because of the 
potential longevity of lithium power source 
pacemakers and the advanced age of 
many pacemaker patients. 

Nevertheless, for the many who could 
benefit from it...i's here as standard equip- 
ment. From Medtronic. 

For further information on the pacemakers 
covered by the Pacing for Life™ program, 
contact your Medtronic representative, or 
write or call Medtronic directly at 3055 Old 
Highway Eight, Minneapolis, Minnesota 
90448. (612) 574-4000. 


Af Medtronic 


Helping You Help 
The Pacemaker Patient 





* Pacing for Life Warranty ™ will apply to the Mirel™VL pacemaker 
when it is available 


Pacing for Life™ Xyrel” Mirel™ and Medtronic® are trademarks of 
Medtronic, Inc., Minneapolis, Minnesota USA. See disclosure state- 
ment on following page 

This program is available in the United States of America only 


MEDTRONIC® 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality forthe 
control of heart rate. The patient's age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the hear via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddles are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimately cease to function, 
and may fail at any time due to random com- 
ponent or battery failures which cannot be 
predicted prior to failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator /lead 
through skin, transvenous lead-related throm- 
bosis, embolism and cardiac tamponade. 





A Medtronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 


Intermedics Pacing Leads 


PRECAUTIONS 


Animplanted pacing lead is a direct path 

to the myocardium for electrical current. 
Extreme caution must therefore be exercised 
in the use of electrical equipment during the 
operative procedure. Only battery-operated 
instruments and pulse generators should be 
used with pacing leads, since the possibility 
of current leakage in ac-powered devices 
greatly increases the danger of fibrillation. 
Proper grouding of all ac-powered equip- 
ment in the vicinity of the patient is also 
essential. 


Temporary loss of sensing or capture or both 
may occur following implant surgery until fix- 
ation of the lead takes place. The physician 
should also be advised concerning the 
following possible complications: 


= Elevation of stimulation thresholds over 
time can produce loss of capture. 


= The occurrence of infection may indicate 
the need for surgical removal of the lead. 


u Fibrillation can result from irritability of the 
myocardium at the time of implant. 


a intermittent or continuous loss of sensing 
and/or capture may be caused by lead 
displacement, fracture, or perforation of 
the myocardium. Myocardial perforation 
may also produce muscle or nerve stimu- 
lation in proximate areas. 


= Transvenous introduction of the lead can 
cause air embolism. 


This list is not intended to be complete, and 
other complications are possible. 


+> Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Toll Free Phone: 1 (800) 231-2330 
(713) 233-8611 











im A j -— aj wi, DE. Pe ü SEE wu ERA. A — T " w oe I 
Fi C) HO AJ 1 “ne leader tommrmeeeo 
| pgpeee = v n ui arm : A j A- a 
M q i hu. d Tq 5» 4A 3 B B g j JE à y 1 f 
BE g 9 uw EA " KE A ; $ i | " y i. 
IO cd v v ^A BÀ ee B we e Om RÀ WU d tee” E y | p ] 1 S WW — a 1 
n 
|] 1 " J || 
A | E: mh I" - ! " "a 
ea UE osos E08 am A) | in. d > | e. E p 
» rw ! E&. = | _ | í b uf CO E Z "n Ww. 
A d) x Ia — ne BN n S " 
CI bk Qed 1 771N.1.. ^ 
í BA uns ue" Ru, eB "ar ws? @ 
| m >. e p i R 
a cy n AC YY^ iC) C OLS 
rel ine Pacing Leads 
B ‘ca A ear Aa i Q i nus unes Qr LS = ® 
« J i 


We have a reputation as a leader in the industry. 
Intermedics is one of the few companies to offer a 
variety in lead tip configurations, as well as stylets 
color coded by relative flexibility. 

In keeping with our hard earned reputation, 
Intermedics has taken another step forward in pro- 
viding a choice in lead selection. LifeLine™ leads are 
manufactured in both firm and flexible configura- 
tions to meet the individual needs of the physician. 
Regardless of the flexibility of the style you prefer, the 
remarkably small diameter and closed coil construc- 
tion contribute to ease of insertion and long term 
patient comfort. 

Want a good tip on Pacemaker Leads? 

We have four at Intermedics—unipolar spherical, 
unipolar cylindrical, unipolar blunt-tip and bipolar 
blunt-tip configurations. 

A bonded silicone rubber flange at the base of each 
tip reduces the chances of dislodgement, and the pre- 


cise geometric design tends to minimize the risk of 
perforation. Leads are available in a standard leng 
of 60 cm (and on special order from 40 cm to 85 cm 
and all materials used have been tested and prove 
for performance and compatibility, ensuring a 
pacemaker lead of the highest quality. This quality 
surance is a reflection of our philosophy in manufa 
turing pacemakers...and one of the many reasons 
have a reputation as an industry leader. If you are 
interested in finding out about more of these 
reasons, contact your Intermedics representative. 


"LifeLine is a trademark of Intermedics, Inc., Freeport, Texas 


x- Intermedics lnc. 


PO. Box 617 Freeport, Texas 77541 
Phone (713) 233-8611 Toll Free: 1 (800) 231-2330 


Our business is life. 


© 1978 Intermedics, Inc 
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Argyle sets the standard... nine out of ten disposable chest tubes used 

are Argyle catheters. Thin-wall Argyle catheters, made of thermo- 

à sensitive, non-porous, non-pyrogenic, transparent vinyl, have satin- 
smooth eyes and tips. Packaged sterile in sturdy Rigidpaks. 


For added convenience and safety,:use Argyle catheters 
with Argyle "Double-Seal""" chest drainage unit, shown else- 
where in this journal. 





A BRUNSWICK COMPANY 


Ask your Argyle representative about a trial evaluation of 
the most complete line of thoracic catheters available or 
write department A.K. for additional information. 0: 


St. Louis, MO 63103 
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Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert 5loan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor's name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
“how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 112" margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom renrint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent tc the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use the following style and Index Medicus journal abbreviations, and give complete publication 
data. Examples: 


Journal article: Munnell ER, Dilling E, Grantham RN, et al: Reappraisal of solitary bronchiolar 
(alveolar cell) carcinoma of the lung. Ann Thorac Surg 25:289, 1978 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Grillo HC: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1972, p 243 


Tables. Limit the number of tables, restrict them tc material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for each illustration or grouped illustrations and number in 
sequence. 


The Annals can consider only a limited number cf illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 

black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 

line drawing that contains no shading or wash cam be reproduced well from a glossy photograph. A 

line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 

size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 

and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 

Accompany photographs of recognizable persons by a signed release from the subject. All illus- 

trations should be submitted in duplicate. Do nct use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Erratum, Ann Thorac Surg 
25:35, 1978). Authors are referred to these guidelines for appropriate terminology and methods of 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) fram both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be provided at increased cost. 


HOW TO DO IT 


Combined Manometric-pH Recording 
Catheter for Esophageal Function Tests 


Mark B. Orringer, M.D., Robert Lee, M.S., and Herbert Sloan, M.D. 


ABSTRACT Acombined manometric-pH recording 
catheter for performance of esophageal function tests 
is described. This combined unit has been used suc- 
cessfully in more than 300 patients. It has the advan- 
tages of (1) eliminating the need for introduction of 
two separate recording catheters into the esophagus 
and (2) permitting simultaneous dynamic recordings 
of intraesophageal pressures and pH in assessing 
competence of the distal esophageal high-pressure 
zone. 


Esophagea function tests, including ma- 
nometry and direct measurement of in- 
traesophageal pH, facilitate the diagnosis of 
functional disorders of the esophagus and pro- 
vide objective data with which to evaluate the 
efficacy of antireflux operations [1-5]. Our 
technique for performing esophageal function 
tests has been described elsewhere [3]. Gener- 
ally, these studies require either nasal or oral 
introduction of both a triple-lumen pressure- 
recording catheter and a pH gastric electrode 
into the esophagus, and may therefore be quite 
uncomfortable for the patient and technically 
difficult for the physician performing the pro- 
cedure. This paper describes our method of 
constructing a combined, single-unit triple- 
lumen manometric catheter and pH electrode. 
The combined unit, inserted as a nasogastric 
tube, is more readily tolerated by the patient 
and has tae added advantage of allowing si- 
multaneous dynamic measurements of in- 
traesophageal pressures and pH in assessing 
competence of the lower esophageal sphincter 
mechanism. 


From the Section of Thoracic Surgery, Department of Sur- 
gery, Ihe University of Michigan Medical Center, Ann Ar- 
bor, MI. 


Accepted for publication Jan 13, 1978. 


Address reprint requests to Dr. Orringer, Section of 
Thoracic Surgery, C-7076 Outpatient Building, Ann Arbor, 
MI 48109. 


Method 

Construction of the combined catheter unit re- 
quires approximately three to four hours and 
the following supplies: 


1. Beckman stomach pH electrode No. 39072 

2. Three 150 cm lengths of polyvinyl tubing 
with an inner diameter of 1.1 mm and an 
outer diameter of 1.65 mm (e.g., Becton- 
Dickinson tubing No. 6179) 

3. Tetrahydrofuran solvent 

4. Several 3-ml syringes with 18- and 25-gauge 

. needles | 

5. Punch for producing Tygon tubing plugs 
with the same inner diameter as the 
polyvinyl tubing 

6. Tygon tubing scraps, 2.4 or 3.2 mm thick 

7. Mercury, 5 cc 

8. Several] 5 to 8 cm lengths of stiff 
polyethylene tubing (approximate inner 
diameter, 4 mm) slit on one side 

9. Nontoxic black marking pen (e.g., San- 
ford's Sharpie) 

10. Nontoxic white marking paint (e.g., 
Pearly White acrylic paint, Palmer Paint 
Products, Inc., Troy, MI 48084) 

11. Three 18-gauge needles, blunted 


The three 150 cm lengths of polyvinyl tubing 
are straightened by momentary immersion in 
boiling water to soften them and then hanging 
vertically for several hours to harden. One tip of 
each tube is beveled. With tetrahydrofuran 
carefully applied with a 25-gauge needle and a 
3-ml syringe, 1 to 2 cm of the beveled ends of the 
tubing are sequentially glued to each other and 
to the pH electrode 1 cm from its tip (Fig 1A). 
Tetrahydrofuran dries within ten seconds. It is 
important to keep the protective rubber cap 


"over the pH electrode whenever possible to 


avoid contact with the tetrahydrofuran. If the 
solvent dries on the tip, the resfilt is decreased 
sensitivity of the probe. 
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Fig 1. Construction of the combined manometric-pH re- 
cording catheter. (A) With tetrahydrofuran, the beveled 
ends of polyvinyl tubing are glued to each other and to 
the pH probe 1 cm from its tip. (B) A slit cuff of 
polyethylene tubing approximates the polyvinyl tubing 
against the pH probe, allowing for sequential gluing. 
(C) A punch is used to create a side hole in the proximal 
and medial pressure-recording catheters. The distal 
catheter records pressures through an end opening. (D) 
Small plugs of Tygon tubing are made. (E) They are in- 
serted into the polyvinyl tubing to within 1 to 2 mm of 
the side holes. (F) After the distal ends of the proximal 
and medial pressure-recording catheters have been filled 
with mercury, these tubes are sealed with additional 


Tygon plugs. 


The pH probe and partially attached poly- 
vinyl tubing are inserted into the slit cuff of 
polyethylene tubing, which approximates the 
polyvinyl tubing against the probe and allows 
for subsequent gluing (Fig 1B). A polyethylene 
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rather inan polyvinyl cuff of tubing must be 
used because it is not affected by the tetrahy- 
drofuran in gluing the ends of polyvinyl tubing 
together Two to 4 cm of the tubing are sequen- 
tially pulled through one end of the polyethylene 
cuff and glued in place using tetrahydrofuran, 
which is again applied with a needle and 
syringe =nd allowed approximately ten seconds 
to dry before the next application. The poly- 
vinyl tubes are glued to the pH probe for a 
length 2f 80 cm. At this point, the slit 
polyethy-ene cuff is removed and the polyvinyl 
tubes are glued together, but not to the pH 
probe, fcr an additional 30 cm. 

A small punch is used to make a side opening 
in one oT the polyvinyl tubes 5 cm from the end 
opening Df an adjacent tube. This adjacent tube 
arbitrari y becomes the ''distal' pressure- 
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Fig 2. Completed combined manometzic-pH recording 
catheter. The pH probe and attached polyvinyl tubing 
have been marked off in centimeters trom the side hole 
of the proximal recording catheter. The pH prote is 
connected to a pH meter and the three pressure- 
recording catheters, to strain gauges. 


recording catheter, while the punched tube be- 
comes the “medial” pressure-recording cathe- 
ter (Fig 1C). To create the “proximal” pressure- 
recording catheter, a side opening is made in 
the last of the three tubes 5 cm proximal to the 
level of the side opening in the medial record- 
ing catheter. Then, using the scraps af thick- 
walled Tygon tubing and a punch, small plugs 
with the same internal diameter as the 
polyvinyl tubing are made (Fig 1D). These 
plugs are pushed from the end openings of the 
medial and proximal catheters to within 1 to 2 
mm of the side holes and are sealed in place 
with a small amount of tetrahydrofuran deliv- 
ered through the side openings (Fig iE). The 
ends of the medial and proximal recording 
catheters distal to the Tygon plugs are filled 
with mercury, inserted with a needle and 
syringe, and are sealed with two to three addi- 
tional Tygon plugs, secured with tetrahydrofu- 
ran. Mercury in the recording catheter allows 
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fluoroscopic positioning of the tube, should 
this be necessary. 

Using the black marking pen on the polyvinyl 
tubing and the white marking paint on the pH 
electrode, the combined unit is marked off in 
centimeters from the side hole of the proximal 
recording catheter. Intraesophageal pressures 
are thus measured in centimeters from the nos- 
tril to the side hole of the proximal recording 
catheter. The medial catheter records pressures 
5 cm distal to the proximal side hole and the 
distal catheter, 10 cm from that side hole. The 
pH electrode is 11 cm distal to the proximal re- 
cording catheter side hole. Blunted 18-gauge 
needles are inserted into the open ends of the 
three polyvinyl tubes so that they can be con- 
nected with the strain gauges for pressure re- 
cordings. The completed combined mano- 
metric-pH recording catheter has a smaller 
diameter than a standard 16F .nasogastric 
tube (Fig 2). 

The patient's nasopharynx is sprayed with 
2% Xylocaine (lidocaine). Using Xylocaine jelly 
as a lubricant, the combined manometric-pH 
recording catheter is inserted as a nasogastric 
tube and advanced into the stomach for stan- 
dard esophageal function tests as described 
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Fig 3. (A) Simultaneous manometry and pH recording 
using the combined catheter in a patient who had 
undergone a combined Collis gastroplasty—Nissen fun- 
doplication six months earlier. Before the operation, the 
patient had no distal esophageal high-pressure zone 
(HPZ) and massive gastroesophageal reflux. Following 
instillation of 300 ml of 0.1 N hydrochloric acid into the 
stomach, pull-back pressure tracings from the stomach 
into the esophagus show a distal esophageal HPZ with 
approximate mean and peak pressures of 8 and 20 mm 
Hg, respectively, extending from 43 to 39 cm from the 
nostrils, Note the sharp rise in intraesophageal pH that 
occurs when the tip of the pH probe is within the HPZ. 
The combined catheter is withdrawn until the pH probe 
is 5 cm proximal to the HPZ and is then taped to the pa- 
tient’s nose for the acid reflux test. (B) Acid reflux test 
in the same patient. Note that intraesophageal pH never 
falls below 4 during the standard postural maneuvers. 
The proximal opening of the combined catheter is at 23 
cm, and the pH probe is 34 cm from the nostril, which is 
5 cm proximal to the upper extent of the HPZ (39 cm). 
(DB = deep breathing; V = Valsalva maneuver; C = 
coughing.) 


previously [3]. A Beckman pH reference potas- 
sium ch.»ride electrode is positioned in the 
corner cf the patient’s mouth since in- 
traesophzgeal pH is continuously monitored by 
the pH probe connected to a pH meter. Pres- 
sures anc pH are recorded with a Grass six- 
channel polygraph. The pressure-recording 
catheters are constantly perfused with normal 
saline at z rate of 1.7 ml per minute, and respi- 
rations are monitored with a pneumograph 
placed arcund the patient's chest. 

To perf=rm the acid reflux test, after 300 ml of 
0.1 N hydrochloric acid has been instilled into 
the stomach, the combined recording catheter is 
withdrawn into the esophagus at 1 cm intervals 

until the izp of the pH probe is 5 cm above the 
high-pressure zone as determined by prior 
manometr; (Fig 3A). The combined unit is 
taped to the patient's nose, and intraesophageal 
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pH is then recorded using standard postural 
maneuvers to elicit reflux (Fig 3B). The unit is 
left in place while the acid clearance and acid 
perfusion tests are done. 


Comment 
The combined manometric-pH recording cathe- 
ter has been used for esophageal function tests 
in more than 300 patients. No technical difficul- 
ties have been encountered. In performing the 
acid reflux test, simultaneous recordings of dis- 
tal, medial, and proximal intraesophageal pres- 
sures and pH have provided an additional fac- 
tor by which competence of the distal 
esophageal sphincter mechanism can be as- 
sessed. Intraesophageal pH generally rises 
sharply when the pH probe is within the distal 
esophageal high-pressure zone, indicating the 
presence of a barrier against reflux of gastric 
contents (see Fig 3). Persistent elevation of the 
pH above 4 during the postural maneuvers of 
the acid reflux test documents further the com- 
petence of the high-pressure zone. 
Occasionally, as the combined unit is with- 
drawn from the stomach into the esophagus, 
despite the demonstration of "normal" high- 
pressure zone pressures, intraesophageal pH 
remains below 4. This may be the result of 
adherence of acid gastric mucus to the tip of the 


pH probe and can generally be detected by 
flushing the end opening of the distal catheter 
with several milliliters of saline. This results in 
a prompt rise of the pH above 4. The pull-back 
pressure tracing should then be repeated. 

The combined manometric-pH recording 
unit is more readily tolerated by the patient 
than the two separate standard catheters. The 
combined unit is more efficient and thus facili- 
tates the evaluation of patients with functional 
disorders of swallowing. 
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CURRENT REVIEW 


Operation or Indomethacin for the Premature Ductus 


L. Henry Edmunds, Jr., M.D. 


ABSTRACT Indomethacin constricts the patent 
ductus arteriosus in approximately 70% of prema- 
ture infants, but temporarily inhibits synthesis of all 
prostaglandins. Early toxicity of indomethacin is not 
prohibitive, but the possibility of late neurological 
deficits is raised by results of laboratory experi- 
ments. As yet, no late toxic effects of indomethacin 
have been observed. However, this possibility and 
the low morbidity (< 2%) and mortality (< 2%) of 
surgical ligation of the patent ductus arteriosus in 
premature infants favor operation except in carefully 
controlled and limited clinical trials. 


In 1976, Heymann [20] and Friedman [15] and 
their associates introduced pharmacological 
closure of the patent ductus arteriosus (PDA) in 
premature infants by using a single or repeated 
oral dose of indomethacin (0.2 mg per kilogram 
of body weight). In a series of 60 infants so 
treated, the ductus was closed or controlled in 
49; 2 patients died and 9 had surgical ligation 
[19]. Friedman [14] found that indomethacin 
administered intravenously was effective in 31 
out of 35 premature infants with PDA. Evidence 
of reduced renal function developed in some 
infants, but no early complications were noted 
[14, 19]. Infants with hyperbilirubinemia, sep- 
sis, bleeding and coagulation deficiencies, and 
renal impairment were excluded from the 1976 
studies of Heymann [20] and Friedman [15]. 
These investigators have proved the efficacy of 
indomethacin in a high proportion of prema- 
ture infants and have shown that early compli- 
cations are uncommon. Although infants have 
been followed for up to 2 years without detect- 
able long-term toxic effects [19], consideration 
. of the mode of action and toxicity of indo- 
methacin induces a word of caution. 

The incidence of PDA in premature infants is 
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proportional to birth weight and gestational age 
[44]. In infants weighing less than 1,750 gm, the 
incidenze of symptomatic PDA averages 30 to 
40% [13, 47, 48]; in those weighing less than 
1,000 gm, the incidence approaches 7096 [44, 
47]. Although they are not thought to be caus- 
ally related, there is a strong correlation be- 
tween FDA and idiopathic respiratory distress 
syndrome (IRDS). Approximately 7096 of in- 
fants weighing less than 1,750 gm who have 
PDA also have IRDS [44]. PDA is two to three 
times more common in premature infants with 
IRDS than in those without the syndrome [44, 
47]. Furchermore, bronchopulmonary dysplasia 
is nearlv seven times more common in prema- 
ture infants with PDA [33]. 

Prophylactic closure of PDA in premature 
infants 1s not recommended since 80 to nearly 
10096 of PDAs in premature babies eventually 
close [3£, 44]. Prophylactic closure in the hope 
of preventing or ameliorating other complica- 
tions of 2rematurity—necrotizing enterocolitis, 
IRDS, and bronchopulmonary dysplasia—has 
not beer. proved but the attractiveness of this 
hypothesis prompted a prospective controlled 
study [7]. Therapeutic closure of PDA is rec- 
ommended for premature infants with respi- 
ratory distress syndrome who deteriorate or 
fail to improve after intubation and respi- 
ratory support [24]. The onset of left-to-right 
ductal snunting is invariably insidious, and 
objective measurements of shunt magnitude 
are not available. Thus, it is difficult to distin- 
guish the effects of progressive IRDS from those 
of heart failure and left-to-right ductal shunt- 
ing. The diagnosis of left-to-right shunting is 
made with clinical, radiographic, laboratory, 
and echocardiographic data [24, 46]. 

Surgicel ligation of the premature ductus has 
low morbidity and mortality. The operation is 
applicabl2 to any viable infant regardless of 
size. The smallest survivors weighed 680 gm at 
birth [16] and 660 gm at operation [31]. No 
known laze effects of the operation or anesthetic 
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Surgical Results for Premature Infants with Severe IRDS during Two Periods 


Mean 
Birth 
No. of Weight Gestational 
Years Patients (gm) Age (wk) 
1968-1973 [10] 15 1,149 30 
1973-1977 9b 1,039 28 


present study 


“No deaths were related to operation. 


Age at Weight at 

Operation Operation Percent 
(days) (gm) Deaths? Survival 
15 1,100 10 33 

40 1,319 1 89 


"Six patients aiso had necrotizing enterocolitis befcre operation. 


agent have been recognized within a follow-up 
period of nearly 10 years. 

A review of twenty-one published reports 
indicates that only 6 deaths in 361 operations 
were directly related to the surgical procedure 
[3, 4, 6, 9, 10, 16-18, 21, 22, 25, 26, 28-31, 35, 37, 
45, 50, 51]. One infant died of cardiac arrest 
during operation [31], another died of pneu- 
mothorax [50], one died of hemorrhage and 
hypoventilation [51], and another died after 
the left pulmonary artery was mistakenly 
ligated [51]. Chylothorax and left phrenic nerve 
paralysis caused 2 late deaths [31]. Postopera- 


"tive complications of atelectasis, pneumonia, 


pneumothorax, periods of apnea, sepsis, and 
bradycardia occurred frequently, but these 
problems usually were present before operation 
and were related primarily to associated respi- 
ratory disease. Only 6 out of 336 infants experi- 
enced a complication clearly related to opera- 
tion. One patient each had temporary left vocal 
cord paralysis [10] and right pleural effusion 
[31], and 2 each had hemorrhage [18, 51] and 
paralysis of the left diaphragm [31, 51]. 

When IRDS is absent or minimal, early and 
late results are generally excellent. Of 67 infants 
for whom data are available, all but 2 survived 
operation (9796). Deaths were due to post- 
operative pneumothorax [50] and unexplained 
cardiac arrest two days after operation [37]. Of 
269 infants with moderate or severe IRDS, only 
158 (59%) survived. This modest survival rate 
reflects past experience with IRDS, broncho- 
pulmonary dysplasia, and other complications 
of prematurity primarily. Currently, about 
90% of infants weighing 1,000 gm or more with 
IRDS survive [48]. More recent surgical experi- 
ence (Table) has kept pace with the general im- 


provements in the management of respiratory 
disease and the complications of prematurity. 

The ductus arteriosus contains various pros- 
taglandins [32] and is dilated by infusions of 
prostaglandins E, and E; [5, 12]. Acetylsali- 
cylic acid [20], indomethacin [14, 20], and 
chloroquine [27] inhibit prostaglandin syn- 
thetase and cause constriction of the neonatal 
ductus arteriosus. Prostaglandin synthetase 
catalyzes synthesis of endoperoxidases, which 
are the precursors of all prostaglandins [40]. 
Prostaglandins constitute a newly appreciated, 
complex hormonal system, which is ubiquitous 
within the body and affects every mammalian 
cell studied to date. Prostaglandins affect cellu- 
lar function, activity, and differentiation possi- 
bly by regulating intracellular concentrations of 
adenosine 3':5'-cyclic phosphate [41] or 
guanosine 5'-cyclic phosphate or by interacting 
with calcium within the cell [23]. Presumably 
prostaglandin synthetase inhibitors cause duc- 
tal constriction by noriselectively inhibiting all 
prostaglandins, including E, and Ez. 

Although indomethacin has been used exten- 
sively in adults, there is little experience with 
its use in children and almost none in infants. 
In adults, chronic use has produced toxic effects 
on the gastrointestinal tract, central nervous 
system, and skin [2]. Complications include 
single or multiple ulcers, gastrointestinal bleed- 
ing, seizures, syncope, headache, vertigo, psy- 
chic changes, coma, peripheral neuropathy, 
urticaria, and macular rashes. Rarely hepatic, 
hematological, renal, and hypersensitivity 
reactions have occurred. The drug has a long 
half-life (24 to 48 hours), binds albumin, and is 
excreted primarily in urine. e 

In the immature infant indomethacin may 
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cause undesirable effects by either direct action 
or by nonselective inhibition of prostaglandin 
synthesis. In many species the drug reduces 
renal blood flow and may impair renal function 
if preexisting renal disease is present [38]. In- 
domethacin increases pulmonary vascular re- 
_ sistance and intensifies the vascular response to 
hypoxia [1]. There is evidence prostaglandins 
may be involved in pituitary release of growth 
and gonadotrophic hormones [8]. In cell cul- 
tures prostaglandins have been found to affect 
human glioma cells [11] and to participate in the 
differentiation of mouse neuroblastoma cells 
[36]. In baboons indomethacin causes reduction 
in cerebral blood flow and loss of the cerebral 
vascular autoregulatory response to carbon 
dioxide [34]. Sharpe [42] has found that in- 
domethacin administered in single doses of 
either 2 or 4 mg per kilogram of body weight to 
pregnant rats increases the rate of neuronal ne- 
crosis in fetal brains. A few data suggest that 
indomethacin or aspirin given to pregnant 
women to delay labor may be associated with 
an increased incidence of stillbirths [43, 49]. 

The dose of indomethacin required to close a 
premature ductus is small but because it is ex- 
creted slowly, inhibition of prostaglandin syn- 
thesis may last more than 48 hours. Blood levels 
of indomethacin and prostaglandins are not 
measured; sometimes the decrease in urine 
output, a toxic effect, is used to indicate an 
adequate dosage [15]. Efficacy of indomethacin 
in approximately 70% of infants and the lack of 
serious early complications justify its use and 
perhaps that of other more specific drugs in 
carefully controlled clinical trials. However, 
laboratory evidence indicates that the prosta- 
glandins and indomethacin may affect de- 
velopment of the fetal brain; the possibility of 
brain injury in the premature infant exists. 
Unfortunately, this possibility is difficult to ex- 
clude because measurements of cerebral func- 
tion in infants are limited and inaccurate and 
because developmental retardation occurs more 
often in premature infants than in full-term in- 
fants. Therefore possible neurological toxic ef- 
fects of indomethacin may not become manifest 
until childhood. Meanwhile, surgical ligation of 
the premature eductus is a proven treatment 
with low mortality and morbidity. It is not yet 
time for drugs to replace it. 
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CORRESPONDENCE 


Infusion of Emboli with Flush Systems 


To the Editor: ; 

The paper entitled “Safety and Efficacy of Continu- 
ous Flush Systems for Arterial and Pulmonary Artery 
Catheters” by Gardner, Bond, and Clark (Ann Thorac 
Surg 23:534, 1977) is a well written and enlightening 
communication. I must, however, take exception to 
the comment, "Air bubbles from supersaturation 
and differences of solution temperature are minor 
problems.” Previous to this statement, the authors 
presented data indicating that under the described 
experimental conditions, the release of 2 bubbles per 
hour can be expected, bubble size ranging from ap- 
proximately 1⁄2 to 1 mm in diameter. When monitor- 
ing left atrial pressure for 48 hours, we can expect the 
infusion of about 100 bubbles, depending on how 
closely clinical conditions are simulated by the au- 
thors' model. These bubbles wili probably be ran- 
domly deposited throughout the circulation. It is im- 
possible to tel! how many of these bubbles will pass 
into a portion of the circulation, causing a major 
clinical problem. 

I think a more valid conclusion to this useful paper 
is that there is no practical way to prevent the infu- 
sion of gaseous emboli using presently available 
pressurized continuous flush systems. It would 
seem, therefore, that utilization of such a system to 
monitor left atrial pressure should be undertaken 
only when the information obtained is absolutely es- 
sential to patient management and when no reason- 
able alternative exists. 


Kenneth L. Kayser, P.E. 


Milwaukee Heart Surgery Associates 
3112 W Highland Blod 
Milwaukee, WI 53208 


Reply 
To the Editor: 
We agree with Kayser that "utilization of such a sys- 
tem to monitor left atrial pressure should be under- 
taken only when the information obtained is abso- 
lutely essential to patient management and when no 
reasonable alternative exists." At the moment we are 
unaware of any better alternative to a continuous 
flush system if left atrial pressure must be measured. 
One alternative, intermittent manual flush, would 
result in the same possibility of air embolism and is 
more subject to human error because it is an "open" 
system. A second alternative, not flushing the system 
at all, would result in poor or inadequate pressure 
recording because of blood clotting at the catheter 
tip. This could also result in the release of clots. , 
We noted in our article (Ann Thorac Surg 23:534, 
1977) that the rate of microbubble formation was 
about 2 per hofir. In one of the experiments lasting 
more than 9 hours, bubbles formed only during the 
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first 21^ hours. This result indicates that the number 
of bubk-es formed over a long term may be even less 
than we originally projected. What happens to an air 
bubble with a volume of 0.2 to 0.4 pl as it is 
pressur.zed and turbulently mixed in the left ventri- 
cle is unclear. The increased pressure and mixing re- 
duce thz size of the bubble and probably render it 
harmless. In any event, it is unlikely that air bubbles 
from the flush system pose as great a threat of air 
embolism as the heart-lung bypass procedure uti- 
lized on virtually all patients who have left atrial 
catheters. 

Studies to evaluate the consequence of embolism 
of bubbiss as small as 0.4 ul have not been reported. 
Goldfar= and Bahnson (J Thorac Cardiovasc Surg 
46:368,-- 263) reported that "extremely small volumes 
of air, æ little as 0.1 to 0.2 ml total dose. . . in the 
coronare arteries, produced certain and irreversible 
damage ' The volume of air they injected is 250 to 
500 times the volume we observed. Consequently, 
we canr ot directly extrapolate from their data. 

Pursu.ag the clinical problem further, we con- 
tacted Lzuis C. Sheppard, Ph.D., at the Department 
of Surgery, University of Alabama. He reported that 
during t-e past 4 years they have used 6,200 left atrial 
lines w-h the continuous flush device and have 
noted no complications from air embolism. Our data 
show thst air bubbles are generated primarily from 
tempera-ure differences between the flush solution 
and the Eody. Warming the flush solution might com- 
pletely e_minate air bubbles. 

Our ccnclusion remains that air bubbles from a 
continucas flush system are a potential hazard, but a 
minor cne. 


Reed M. Gardner, Ph.D. 
Edward L Bond, Ph.D. 
Justin S. Clark, Ph.D. 


Departmeat of Medical Biophysics and Computing 
LDS Hostal 

325 Eighth Ave 

Salt Lake City, UT 84143 


Valved External Conduits 
to Pulmonary Arteries 


To the Editor: 

I noted with interest the editorial by Kirklin and 
Bailey, “valved External Conduits to Pulmonary Ar- 
teries” (=nn Thorac Surg 24:202, 1977). The years 
1947 ana 1948 at the Bethesda Naval Medical Re- 
search Irstitute with Dr. Bernard Zimmerman and 
Dr. Harcktd Meryman were remarkable for the suc- 
cessful in vitro testing of the original Lucite ball valve. 
Repeated attempts to achieve in vivo and in situ mi- 
tral replacement in animals were, however, unsuc- 
cessful. Cf necessity, these results led to ideas for 
bypassinz first the right and later the left ventricular 
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outflow tracts. The right ventricular bypasses to the 
left pulmonary artery were successful at Bethesda. In 
Dr. Francis Moore’s laboratory at Harvard, the suc- 
cessful bypass to the main pulmonary artery with 
ligation and occlusion of the pulmonary valve was 
accomplished as an outgrowth of the work performed 
at Bethesda. Dr. Hufnagel’s contribution was the de- 
scending aortic ball vaive to which a tube was added 
before insertion into the ventricular apex to bypass 
the aortic valve. This valve promptly wore out but 
was redesigned (before it was used in humans), and 
up to two-year studies in dogs were done in 
laboratories at Harvard and Hartford Hospital. The 
high incidence of thromboembolism in dogs dis- 
suaded us from publishing some of these data, which 
are now being reevaluated. 

It is gratifying to see the successful human applica- 
tion of these shunts to decompress the right and left 
ventricles, whatever the name affixed to the opera- 
tive procedure. The endocardial anastomosis still 
seems of primary importance in avoiding stenosis 
and thromboembolism. 


Thomas J]. Donovan, M.D. 


100 Retreat Ave 
Hartford, CT 06106 


Poppet Jamming 
during Mitral Valve Replacement 
To the Editor: 


This letter is to bring a potential technical misadven- 
ture to the attention of the readers of The Annals. 
On two separate occasions while performing mitral 
valve replacement using the Lillehei-Kaster tilting- 
disc prosthesis, we encountered poppet jamming due 
to impaction of thin polypropylene tubing utilized for 
left atrial pressure monitoring. Subsequently. we 
demonstrated to our satisfaction that the close clear- 
ance of the tilting disc within its housing in the closed 
position of this prosthesis design lends itself to this 
complication. The problem occurs when the small 
polypropylene tubing is used if this tubing is allowed 
to pass through the valve orifice and the poppet is 
then forcefully closed, as with ventricular contraction. 
Similarly, testing a Bjórk-Shiley mitral prosthesis in 
vitro demonstrated that the clearance in this pros- 
thesis is such that the jamming did not occur. 
Although we noted these occurrences and dealt 


with each instance successfully, we thought no more 
of them. Of course, we have taken special care not to 
allow recurrence. However, at a recent meeting it was 
brought to our attention that similar occurrences have 
been noted by other surgeons. We therefore thought 
we should write this letter to bring this matter to the 
attention of surgeons who may not have encountered 
the problem and who may be using this prosthesis 
under circumstances in which left atrial lines may 
interfere with its function. 


D. A. Browdie, M.D. 
K. F. Agnew, M.D. 
C. 5. Hamilton, Jr., M.D. 


Fargo Clinic 

Box 2067 

737 Broadway 
Fargo, ND 58102 


Central Venous Line Insertion 
To the Editor: 


Although puncture of the internal jugular vein, either 
high or low, has a relatively small incidence of serious 
complications, it was timely of Dr. McEnany and Dr. 
Austen ("Life-threatening hemorrhage from inadver- 
tent cervical arteriotomy," Ann Thorac Surg 24:233, 
1977) to highlight the serious consequences of arterial 
puncture in the neck immediately prior to open-heart 
operations. We also have had a fatality, due in major 
part to hemorrhage in the right chest, from this cause. 

May we recommend that all central venous lines, 
whether for drug administration, pressure measure- 
ment, or cardiac output determination, be inserted at 
operation through a separate small stab incision into 
the innominate vein. This technique, which is in no 
way original, avoids arterial trauma, is quick, and 
allows exact positioning of the catheter tip. In addi- 
tion, the catheter is held rigidly in situ, reducing the 
chances of kinking and of introducing infection at the 
puncture site. A technique very similar to this one 
was reported last year by Gosalbez, Magilligan, and 
Davila (Ann Thorac Surg 22:378, 1976). 


J. R. W. Keates, F.R.C.S. 
A. M. Macarthur, F.R.C.S. 


Department of Cardio-Thoracic surgery 
King’s College Hospital 

Denmark Hill 

London SE5 9RS, England 


REVIEW OF RECENT BOOKS 


Cardiovascular Flow Dynamics and Measurements 
Edited by Ned H. C. Hwang, Ph.D., 

and Nils A. Normann, M.D. 

Baltimore, University Park Press, 1977 

970 pp, illustrated, $45.00 


Reviewed by John C. Norman, M.D. 


Not often is one afforded the opportunity to rec- 
ommend highly to the clinical cardiovascular com- 
munity an edited text whose references include those 
of a recent Nobel laureate and friend, G. E. Palade (p 
484) and those of the early work of an obscure young 
scientist, A. Einstein (p 725). Cardiovascular Flow 
Dynamics and Measurements offers such a chance. 
This compendium of 24 highly individualized chap- 
ters by 44 internationally known and internationally 
based contributors represents a singularly outstand- 
ing interdisciplinary source of diversely drawn, 
well-written, and extensively referenced informa- 
tion. 

It was estimated that in 1977 in the United States 
alone, atherosclerosis and its manifestations would 
account for one million deaths, and that morbidity 
on a greater order of magnitude would accompany 
these fatalities; this is the magnitude of the problem. 
The scope of the chapters is broad (blood flow and its 
perturbations), and the treatment, in most instances, 
is in-depth and rigorous. As with all multiauthored 
and edited texts, there is some unevenness in style, 
substance, and methodology, yet on the whole the 
book is comprehensive, lucid, and logical. The 
editors and contributors are to be congratulated for 
maintaining a central theme through the physical 
properties of the cardiovascular system, pressure and 
flow measurements (invasive and noninvasive), 
physical, mathematical and animal modeling sys- 
tems, mechanical factors in atherogenesis, pulmo- 
nary circulatory mechanics, pulsatile flow, red cell 
membrane theory, and control of cardiac output to 
circulatory augmentation, support, or replacement 
devices. E 

In the overall spectrum, clinical cardiovascular 
surgeons routinely confront some of these problems 
at a macrosystem level, from advanced or end-stage 
vantage points. In comparison, the authors are work- 
ing with micro or even nanosystems. Much, if not all 
the material summarized and presented in the vol- 
ume has its origins in basic science. As such, the 
result is generally theoretical and somewhat cerebral. 
But the relevance of Kety-Schmidt formulations and 
Stokes-Navier equations and the applications of 
Fourier analyses to clinical problems are easily ap- 
parent and do not represent studies of "l'art pour 
l'art" (p 237). : 

We all know something of the mechanisms of ori- 
gin of poststenotic dilatations, the etiology of ascend- 
ing aortic anetrysms, the appearance of carotid 
obstructions, the benefits of vasodilator therapy, the 
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prognosis of Marfan’s syndrome, the desirability of 
pulsatile flow, and the dangers of thromboembolism. 
But we lack fully developed knowledge and well- 
grounded concepts regarding discrete etiologies and 
quantitztive indices. Consequently, we may accept 
as dogma that which is actually descriptive and 
pragmatic and tend not to ask how or why. Clearly, 
this text is written with attempts to make minimal 
assumptions, to avoid false premises, and to define 
and substantiate discrete hypotheses. It is therefore 
probable that some of the concepts, methods, and 
results presented will become increasingly important 
as our overall approaches proceed from empiricism 
to actual understanding of cardiovascular disease 
processes. Both simple and complex powerful new 
tools are being utilized in fluid mechanics, mathe- 
matical modeling, and computer simulations of cir- 
culatory pathophysiology. Gradually their predictive 
values are being appreciated, -and the trends of the 
future are already upon us with the burgeoning of 
noninvasive laboratories, bedside gamma-cameras, 
the use cf thermographic determinations of regional 
blood flcw, and the emergence of three-dimensional 
determirations of whole organ blood flow based on 
compute--assisted axial tomography using x-rays 
from an 2xternal source or A-rays from an isotope. 

If one wishes to come to grips with blood pressure 
and its iraportant components, or cardiac output and 
its intrinsic control, or myocardial infarction and its 
hydrodynamic causes, or stroke and its early events, 
or cardicgenic shock and its quantification, or pul- 
monary edema and its pathogenesis, or claudication 
and its Aydraulic ramifications, and if one is in- 
terested in. physical, geometric, or molecular cir- 
culatory pathophysiology, then this is a current, 
comprehensive, well-written source of contemporary 
thought end a must for every library, laboratory, and 
dinical group. If not, a traditional atlas of surgical 
techniques in the tradition of Ambroise Paré may be 
more aprropriate. 


Houston, TX 


Cardiac Pacing: Diagnostic and Therapeutic Tools 
Edited by B. Luderitz, M.D. > 

Berlin, Hedelberg, and New York, Springer Verlag, 1976 
245 pp, ilasstrated 


Reviewes by Philip Varriale, M.D. 


This book is a compilation of the papers presented at 
the international symposium on Diagnostic and 
Therapeuzic Tools of Cardiac Pacing held in Munich, 
November 7 and 8, 1975. Specific attention is focused 
on the electrophysiological mechanisms and distur- 
bances relating to the sinus node, the atrioventricular 
conduction system, and the more current concepts 
underlying supraventricular and ventricular tachy- 
cardias. 
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The majority of the presentations deal with clinical 
recognition and interpretation of cardiac arrhvthmias 
using various pacing techniques. These include 
intracardiac electrography and programmed stimula- 
tion. The effects of pharmacological agents and their 
influence on the arrhythmias are also considered. 

Only two papers discuss the management of 
tachyarrhythmias: rapid atrial pacing and pro- 
grammed premature stimulation. From this point of 
view, the monograph does not fulfill its title since 
there is little material on the application of pacing 
techniques and procedures as therapeutic tools. 

The papers on sinus node dysfunction and the 
atrioventricular conduction system are well orga- 
nized and relevant to clinical practice. The Wolft- 
Parkinson-White syndrome and its complex ar- 
rhythmic manifestations, however, receive too little 
attention for the reader to appreciate the vast amount 
of information and knowledge gleaned from clinical 
research during the past decade. Fascicular blocks, 
among the more important indications for pecemaker 
implantation, also are given insufficient ccnsidera- 
tion. The terminology applied to certain electrocar- 
diographic patterns is vague and may leave the 
reader somewhat confused. 

This book is not recommended for clinicians in- 
terested in the application, methods, and problems 
of cardiac pacing. Rather it is intended for those who 


desire an understanding and appreciation of the 


more recent concepts and progress in the diagnosis 
of cardiac arrhythmias. 


New York, NY- 


Blunt Chest Trauma: General Principles 
of Management 


By Marvin M. Kirsh, M.D., 

and Herber: Sloan, M.D. 

Little, Brown and Company, Boston, 1977 
247 pp, illustrated, $16.50 


Reviewed by Hiram T. Langston, M.D. 


This book sets forth in a concise manner tne princi- 
ples of management for victims of blunt trauma to 
the chest. The nine chapters are well organized, and 
the volume is well indexed and includes a glossary of 
abbreviations used in discussion of respiratory 
physiology. Drs. Mark Orringer and David Dantzker, 
both from the-University of Michigan, contributed 
the chapters “Rupture of the Diaphragm” and 
“Acute Respiratory Failure," respectively. The book 
is profusely illustrated, primarily with roentgeno- 


grams but also with drawings by Gerald P. Hodge,’ 


Professor of Medical and Biological Illustration and 
Art at the University of Michigan. A suitable bibliog- 
raphy is appended to each chapter. 


The material is organized in such a way as to take 
the reader from the simpler problems to the more 
complex. This is done in an attractive fashion by stat- 
ing general principles for diagnosis and assessment 
of injury, and then studying the pathophysiological 
derangements involved in specific situations. 

The text is replete with specific data, such as de- 
tailed information for the use of oxygen therapy, arti- 
ficial ventilation, and its modalities, or, conversely, ' 
their termination, cardiopulmonary bypass or 
prompt operative intervention, or even dosage for 
commonly used drugs. However, it is not a recipe for 
therapy. 

The attitude of the authors is generally one of con- 
servatism with well-substantiated reasons for any 
recommendations to deviate therefrom. For example, 
they support endotracheal intubation as opposed to 
prompt tracheostomy, and utilize open reduction of 
multiple rib fractures only when thoracotomy is jus- 
tified already for other circumstances. The indica- 
tions for early thoracotomy are listed and are appro- 
priate. The chapter on injuries to the heart and 
pericardium and the one on aortic rupture are par- 
ticularly good with respect to the technical recom- 
mendations offered. 

This book is singularly devoted to nonpenetrating 
chest injury, and it seems fitting to quote from one of 
its sage comments to close this review: "The physician 

. must not be deceived by an initially good condi- 
tion and must always be alert for the likelihood of 
later clinical deterioration. Careful and frequent ob- 
servation of any patient with a blunt chest injury is 
as important as the initial observation." 


Chicago, IL 


Quick Reference to Cardiovascular Diseases 
Edited by Edward K. Chung 

Philadelphia, J. B. Lippincott Company, 1977 
469 pp, illustrated, $20 


Reviewed by Giacomo A. DeLaria, M.D. 


This concise but complete textbook of cardiovascular 
disease is unique to my experience and can be rec- 
ommended highly. It serves as a guide to the diag- 
nosis and management of the major cardiovascular 
disorders including congenital heart disease. To ac- 
complish this task, the authors selected a format 
utilizing sentence outline. Thus, major topics such as 
coronary heart disease or hypertension are covered 
completely in less than 15 pages. This approach re- 
sults in a reference text which is brief but complete. 
Individual topics are reviewed in a standard se- 
quence of etiology, pathophysiology, diagnosis, and 
treatment. Each segment has five to ten numbered 
sentences defining a single concept of explanation or 
direction. In this fashion, the reader is quickly re- 
minded of the important considerations in each dis- 
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ease. Although the emphasis is on medical manage- 
ment, information on surgical indications and 
therapy is accurate and sufficiently detailed for a 
textbook of this scope. Finally, each chapter has a 
short but complete bibliography. 

This is an excellent and comprehensive review text 
and should be of value to any physician who regu- 
. larly manages patients with cardiovascular disease. 


Chicago, IL 


The Yearbook of Surgery 1977 

Edited by Seymour |. Schwartz | 

Chicago, Year Book Medical Publishers, Inc., 1977 
511 pp, illustrated, $19.60 


Reviewed by Alan Marty, M.D. 


Successfully skimming the cream from the 1976 sur- 
gical literature, the 1977 Yearbook of Surgery focuses 
30% of its space on topics directly relevant to 
thoracic, cardiac, and vascular surgery. Not surpris- 
ingly, 56 of the reports abstracted were from the 2 
prestigious American thoracic surgical journals. Of 
benefit to the reader of these journals, however, is 
the inclusion of 87 pertinent papers published in 29 
less regularly perused sources. A clinical experiment 
on intralumenal stent therapy for full-thickness 
esophageal lye burns, for example, is just 1 of 5 in- 
triguing reports that might otherwise have gone 
largely unnoticed in the Journal of Surgical Research. 
Similarly, an extensive analysis of 86 bronchopleural 
fistulas in the British Journal of Surgery (the authors of 
the analysis now routinely reinforce all bronchial 
stump closures with pedicled intercostal muscle 
grafts) might easily have been missed. 

As in previous Yearbooks, an editorial annotation 
follows each abstract. Besides adding perspective, 
these comments successfully arrest the potential 
stylistic monotony inherent in reading a series of 
synopses. The quality of the comments varies. Some- 


times thz authors merely present personal opinions 
and leavz much unsaid. For example, after placing a 
paper or thymectomy for myasthenia from the Mayo 
Clinic in the "General Considerations" section, Dr. 
Schwartz suggests that the transcervical approach 
"should become the procedure of choice" for non- 
thymomatous patients. (The high incidence and pre- 
sumed importance of discontinuous thymus not re- 
sected bz the cervical procedure is ignored.) Most 
comments, however, add useful information. For in- 
stance, L-. Spencer's comment on a-Stanford article: 
“This exzerience with 44 patients, with operative 
mortality between 24% and 30%, describes well the 
gravity oc operations for endocarditis. Recently pub- 
lished data from New York University indicate that 
earlier operation, before extensiun of infection pro- 
duces annular abscesses, may significantly lower the 
operative mortality. 

There are 107 titles under the main headings of 
cardiac amd noncardiac thoracic disease, arteries, 
veins, anz esophagus. A few highlights will suffice 
to commtnicate the contents of this volume. A sober- 
ing first report on aneurysm formation after patch- 
grafting a-rtic coarctations and a report on successful 
anatomica correction of transposition merit special- 
attention. Prompt operation on most ascending aor- 
tic aneurrsms and porcine heterograft rather than 
ball-valve -eplacement of the tricuspid valve are now 
recommended. Problems with the Waterston anas- 
tomosis end improvement in -microvascular tech- 
nique have led to a renewed interest in the Blalock 
shunt for .nfants. Total circulatory arrest for aortic 
arch replazement appears promising, as does the in- 
traarteriai embolization technique for management 
of extensiv= arteriovenous malformations and control 
of trauma::c renal hemorrhage. Last, it is suggested 
that the recent interest in adding a Collis gastroplasty : 
to the Belsey repair may be misdirected. 

In conciusion, all cardiothoracic surgeons will ben- 
efit by the 2fficient exchange of information effected 
by reading this yearbook. 


Evansville, IN 
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evaluation of Hunter-Sessions self-retaining aortic 
cannula (Saxena et al), NOTE, 93 
late results of operation for acute aortic dissection 
producing aortic insufficiency (Koster et al), 
461 
natural history of arteriosclerotic thoracic aortic 
aneurysms (McNamara and Pressler), 468 
operative treatment of congenital aortic stenosis 
(Salomon et al), 452 
surgical treatment of annuloaortic ectasia with 
composite grafts including homologous dura 
mater valves (Kalil et al), 142 
Aortocoronary bypass 
acute effects of aortocoronary bypass surgery on 
left ventricular function and regional myocar- 
dial mechanics (Hagl et al), 548 
blood loss and bank blood requirement in coro- 
nary bypass surgery (Yeh et al), 11 
determinants of long-term survival after ventricu- 
lar aneurysmectomy (Cosgrove et al), 357 
graft patency in coronary bypass surgery (Walters 
and Aneke), 228 
left ventricular venting during coronary bypass 
operation (Oldham), EDITORIAL, 497 
operative risk in patients with previous coronary 
artery bypass (Crawford et al), 215 
reduction of intraoperative myocardial infarction 


by means of exogenous anaerobic substrate 
enhancement (Loley et al), 515 
significance of myoca-dial preservation and sub- 
clinical myocardial infarction following coro- 
nary bypass (Spencer), EDITORIAL, 197 
ventricular venting during coronary revasculariza- 
tion, assessment Df benefit by intraoperative 
ventricular function curves (Olinger and Bon- 
chek), 525 
Arteries 
bilateral subclavian artery aneurysm associated 
with idiopathic cystic medial necrosis (Fee et 
al), CASE REPORT, 387 
transverse femoral arteriotomy for intraaortic bal- 
loon insertion (Payne et al), HOW TO DO IT, 263 
valved external concuits to pulmonary arteries 
(Donovan), CORRESPONDENCE, 591 
Arteriosclerosis 
natural history of arteriosclerotic thoracic aortic 
aneurysms (McNamara and Pressler), 468 
Arteriotomy 
transverse femoral arzeriotomy for intraaortic bal- 
loon insertion (Pzyne et al), HOW TO DOIT, 
263 
Aspiration needle biopsy 
needle biopsy of lung (Herman), EDITORIAL, 395 
percutaneous transthoracic aspiration needle bi- 
opsy (Sagel et al, 399 
Assisted circulation 
appraisal of blood trauma and blood-prosthetic 
interface during left ventricular bypass in calf 
and humans (Bernhard et al), 427 
development of practical membrane lung system 
(Helton et al), 54 ` 
effects of pulsatile assistance and nonpulsatile flow 
on subendocardial perfusion during cardio- 
pulmonary bypess (Steed et al), 133 
expanding the horizons of circulatory assistance in 
humans (Bernstein), EDITORIAL, 397 
improved technique of intraaortic balloon inser- 
tion (Merrill et al), How To Do IT, 261 
Atrial septal defect 
sinus venosus atrial septal defect associated with 
partial anomalous pulmonary venous drainage 
(Lewin et al), How TO Do IT, 185 
Atrioventricular bundle 
atrioventricular bundle in corrected transposition 
(Anderson et ali, CORRESPONDENCE, 95; reply 
(Stewart et al), CORRESPONDENCE, 96 
Autotransfusion 
autotransfusion following open- -heart surgery 
(Parker and West), 559 
Axillary incision. See Incision 


Balloon, intraaortic | 
improved technique of intraaortic balloon inser- 
tion (Merrill et 3), How 19: DO IT, 261 
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Balloon, intraaortic (continued) 
transverse femoral arteriotomy for intraaortic 
balloon insertion (Payne et al), How TO DO 
IT, 263 
Belsey Mark IV operation 
surgical correction of refractory reflux esophagitis 
using standard unmodified Belsey Mark IV 
technique (Berry), 102 
Biopsy 
needle biopsy of lung (Herman), EDITORIAL, 395 
percutaneous transthoracic aspiration needle bi- 
opsy (Sagel et al), 399 
Blalock-Taussig anastomosis f 
Blalock-Taussig shunt in first two years of life 
(Tyson et al), 38 
Blood flow. See Hemodynamics 
Blood 
adequate anticoagulation during cardiopulmonary 
bypass determined by activated clotting time 
and appearance of fibrin monomer (Young et 
al), 231 
appraisal of blood trauma and blood-prosthetic 
interface during left ventricular bypass in calf 
and humans (Bernhard et al), 427 
autotransfusion following open-heart surgery 
(Parker and West), 559 
blood loss and bank blood requirement in coro- 
nary bypass surgery (Yeh et al), 11 
blood loss following cardiopulmonary bypass 
(Pifarré), EDITORIAL, 4 
expanding the horizons of circulatory assistance in 
humans (Bernstein), EDITORIAL, 397 
transfusion of 2,3 DPG-enriched red blood cells to 
improve cardiac function (Dennis et al), 17 
Book reviews 
Basic Circulatory Physiology, by Richardson (Moul- 
der), 287 l 
Blunt Chest Trauma: General Principles of Manage- 
ment, by Kirsh and Sloan (Langston), 593 
Cardiac Pacing: Diagnostic and Therapeutic Tools, 
edited by Luderitz (Varriale), 593 
Cardiovascular Flow Dynamics and Measurements, 
edited by Hwang and Normann (Norman), 593 
Doppler Ultrasonic Assessment of Cerebrovascular 
Disease 
Doppler Ultrasonic Assessment of Peripheral Arterial 
Disease 
Doppler Ultrasonic Assessment of Venous Disease, by 
Baines et al (Bergan), 287 
Emergency-Room Care (3rd ed), edited by Eckert 
(Naclerio), 192 
Intensive Care, by Skillman (Bosher), 391 
Motor Disorders of the Esophagus, by Henderson 
(Payne), 393 
Patient Care in Cardiac Surgery (2nd ed), by 
Behrendt and Austen (Michaelis), 392 
Physiology for the Anesthesiologist, by Goudsouzian 
and Karamanian (Bennett), 192 
Quick Reference to Cardiovascular Diseases, edited 
by Chung (DeLaria), 593 


Radiographic Anatomy of the Coronary Arteries: An ° 


Atlas, edited by Soto et al (Silver), 392 
Vascular Surgery, edited by Rutherford et al (Folse), 
488 


Yearbook of Surgery 1977, edited by Schwartz 
(Marty), 594 
Bronchioloalveolar cell carcinoma. See Carcinoma 


Cancer. See Carcinoma; Tumors 
Cannula 
evaluation of Hunter-Sessions self-retaining aortic 
cannula (Saxena et al), NOTE, 93 
Carcinoma 
bronchioloalveolar cell carcinoma of lung (Dunn et 
al), 241 
carcinoma of esophagus (Cukingnan and Carey), 
COLLECTIVE REVIEW, 274 
exter.ding resectability for carcinoma of lung in 
patients with impaired pulmonary function 
(Peters et al), 250 
Cardiac function 
transiusion of 2,3 DPG-enriched red blood cells to 
improve cardiac function (Dennis et al), 17 
Cardiac tamponade 
delayed postoperative cardiac tamponade (Har- 
aesty et al), 155 
Cardioplegia 
aspects of myocardial protection (Ebert), EDITO- 
RIAL, 495 
effects of cardioplegic solution on human contrac- 
tile element velocity (Behrendt et al), 499 
limits of myocardial protection with potassium 
cardioplegia (Scott et al), 507 
reduction of intraoperative myocardial infarction 
by means of exogenous anaerobic substrate 
enhancement (Lolley et al), 515 
Cardiopulmonary bypass 
adequate anticoagulation during cardiopulmonary 
bypass determined by activated clotting time 
and appearance of fibrin monomer (Young et 
al), 231 
autotransfusion following open-heart 
(Parker and West), 559 
blood loss and bank blood requirement in coro- 
nary bypass surgery (Yeh et al), 11 
blood loss following cardiopulmonary bypass 
(Pifarré), EDITORIAL, 4 
development of practical membrane lung system 
(Helton et al), 54 
effects of pulsatile assistance and nonpulsatile flow 
on subendocardial perfusion during cardio- : 
pulmonary bypass (Steed et al), 133 
expanding the horizons of circulatory assistance in 
humans (Bernstein), EDITORIAL, 397 
reduction of intraoperative myocardial infarction 
by means of exogenous anaerobic substrate 
erhancement (Lolley et al), 515 
transfusion of 2,3 DPG-enriched red blood cells to 
improve cardiac function (Dennis et al), 17 
Caritas chirurgi 
caritas chirurgi (Ellis), 6 
Catheter 
central venous line insertion (Keates and Macar- 
thur), CORRESPONDENCE, 592 
combined manometric-pH recording catheter for 
esophageal function tests (Orringer et al), HOW 
TO DO IT, 581 


surgery 
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maintenance of permanently implanted cardiac 
pressure catheters in experimental animals 
(Chitwood et al), How TO DO IT, 485 
Chest wall. See Thorax 
Collective and current reviews 
carcinoma of esophagus (Cukingnan and Carey), 
274 
operation or indomethacin for premature ductus 
(Edmunds), 586 
Collis-Nissen operation 
antireflux operations (Skinner), EDITORIAL, 101 
modified Collis-Nissen operation for control of 
gastroesophageal reflux (Evangelist et al), 107 
Congenital heart disease 
atrioventricular bundle in corrected transposition 
(Anderson et al), CORRESPONDENCE, 95; reply 
(Stewart et al), CORRESPONDENCE, 96 
Blalock-Taussig shunt in first two years of life 
(Tyson et al), 38 
cervical aortic arch with retroesophageal aortic 
obstruction (Hellenbrand et al), CASE REPORT, 
86 
early and late results with Mustard operation in 
infancy (Egloff et al), 474 
left axillary incision (minithoracotomy) for PDA 
division (Wada et al), How TO DO IT, 189 
operation or indomethacin for premature ductus 
(Edmunds), CURRENT REVIEW, 586 
operative closure of isolated defects of ventricular 
septum (Fisher et al), 351 
operative treatment of congenital aortic stenosis 
(Salomon et al), 452 
PDA ligation in newborn ICU (Jennings et al), 
CORRESPONDENCE, 97; reply (Oxnard et al), 
CORRESPONDENCE, 97 
sinus venosus atrial septal defect associated with 
partial anomalous pulmonary venous drainage 
(Lewin et al), HOW TO Do IT, 185 
tree-shaped pulmonary veins in TAPVD (Stark and 
de Leval), CORRESPONDENCE, 97 
Contractile element 
effects of cardioplegic solution on human contrac- 
tile element velocity (Behrendt et al), 499 
Coronary arteries 
acute effects of aortocoronary bypass surgery on 
left ventricular function and regional myocar- 
dial mechanics (Hagl et al), 548 
blood loss and bank blood requirement in coro- 
. nary bypass surgery (Yeh et al), 11 
effects cf intermittent ischemic arrest on perfusion 
of myocardium supplied by collateral coronary 
arteries (Chitwood et al), 535 
effects of pulsatile assistance and nonpulsatile flow 
on subendocardial perfusion during cardio- 
pulmonary bypass (Steed et al), 133 
graft patency in coronary bypass surgery (Walters 
and Aneke), 228 
left main coronary artery stenosis, hemodynamic 
monitoring to reduce mortality (Moore et al), 
445 
left ventricular venting during coronary bypass 
operation (Oldham), EDITORIAL, 497 
operative risk in patients with previous coronary 
artery bypass (Crawford et al), 215 


reduction of intraoperative myocardial infarction 
by means of exogenous anaerobic substrate 
enhancement (Lolley et al), 515 
safety and rationale for continuation of propranolol 
" therapy during coronary bypass operation 
(Boudoulas et al). 222 
saphenous vein bypess from aorta to anterior in- 
terventricular ve-n (Treistman et al), CASE RE- 
PORT, 383 , 
significance of myocardial preservation and sub-, 
clinical myocardial infarction following coro- 
nary bypass (Spencer), EDITORIAL, 197 
ventricular venting during coronary revasculariza- 
‘tion, assessmen: of benefit by intraoperative 
ventricular function curves (Olinger and Bon- 
chek), 525 
Corrected transposition. See Congenital heart disease 
Correspondence 
atrioventricular bundle in corrected transposition, 
response to Stewart et al (Anderson et al), 95; 
reply (Stewart et al), 96 
book for lung cancer patients (Carr), 98 
central venous line insertion (Keates and Macar- 
thur), 592 
infusion of emboli with flush systems, response to 
Gardner et al-(Kayser), 591; reply (Gardner et 
al), 591 
PDA ligation in newborn ICU, response to Oxnard 
et al (Jennings et al), 97; reply (Oxnard et al), 
97 
poppet jamming during mitral valve replacement 
(Browdie et al). 592 
tree-shaped pulmonary veins in TAPVD (Stark and 
de Leval), 97 
valved external ccnduits to pulmonary arteries 
(Donovan), 591 
Cystic medial necros:s 
bilateral subclavian artery aneurysm associated 
with idiopathic cystic medial necrosis (Fee et 
al), CASE REPORT, 387 


Dehiscence, sternal 
median sternotomy dehiscence (Stoney et al), 421 
Diaphragm 
blunt traumatic rupture of diaphragm (Brooks), 199 
blunt traumatic rupture of diaphragm (Symbas), 
EDITORIAL, 193 
Dissection 
effectiveness of surgical treatment of acute aortic 
dissection (Thomas et al), 42 
Drugs 
operation or indcmethacin for premature ductus 
(Edmunds), CURRENT REVIEW, 586 
safety and rationale for continuation of propranolol 
therapy during coronary bypass operation 
(Boudoulas et al), 222 
Dura mater valves 
surgical treatmer:t of annuloaortic ectasia with 
composite grafts including homologous dura 
mater valves (Kalil et al), 142 


Ectasia 
surgical treatment of annuloaortic ectasia with 
composite grafts including homolegous dura 
mater valves (Kalil et al), 142 
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Edema, pulmonary 
experimental evaluation of reexpansion pulmonary 
M. edema (Sewell et al), 126 
experimental pulmonary edema, effect of positive 
end-expiratory pressure on lung water (Bre- 
denberg et al), 62 
Editorials 
acute traumatic hemothorax (Symbas), 195 
antireflux operations (Skinner), 101 
aspects of myocardial protection (Ebert), 495 
blood loss following cardiopulmonary bypass 
(Pifarré), 4 
blunt traumatic rupture of diaphragm (Symbas), 
193 


expanding the horizons of circulatory assistance in - 


humans (Bernstein), 397 
left ventricular venting during coronary bypass 
operation (Oldham), 497 
needle biopsy of lung (Herman), 395 
professional advertising, ground rules for ethi- 
cal relations with communications media 
(Roe), 1 
selection of cardiac valve substitute (Nelson), 291 
significance of myocardial preservation and sub- 
clinical myocardial infarction following coro- 
nary bypass (Spencer), 197 
Electrical testing . 
intraoperative pacemaker electrical testing (Cal- 
vin), 165 
Electrophysiology 
atrioventricular bundle in corrected transposition 
(Anderson et al), CORRESPONDENCE, 95; reply 
(Stewart et al), CORRESPONDENCE, 96 
Embolism 
extraluminal or intraluminal inferior vena cava oc- 
clusion in pulmonary embolism (Popovsky et 
al), 50 
infusion of emboli with flush svstems (Kayser), 
CORRESPONDENCE, 591; reply (Gardner et al), 
CORRESPONDENCE, 591 
Esophagus 
antireflux operations (Skinner), EDITORIAL, 101 
carcinoma of esophagus (Cukingnan and Carey), 
COLLECTIVE REVIEW, 274 
cervical aortic arch with retroesophageal aortic 
obstruction (Hellenbrand et al), CASE REPORT, 
86 
combined manometric-pH recording catheter for 
. esophageal function tests (Orringer et al), How 
TO DO IT, 581 
° gastroesophageal reflux following gastric operation 
(Henderson), 563 
lesser curvature tubular gastroplasty with partial 
plication for gastroesophageal reflux, mano- 
metric and pH-metric postoperative studies 
(Benages et al), 574 
modified Collis-Nissen operation for control of 
gastroesophageal reflux (Evangelist et al), 107 
monilial esophagitis, increasingly frequent cause 
of esophageal stenosis? (Orringer and Sloan), 
364 
surgical correction of refractory reflux esophagitis 
using standard unmodified Belsey Mark IV 
technique (Berry), 102 


Extracorporeal circulation 
evaluetion of Hunter-Sessions self-retaining aortic 
cennula (Saxena et al), NOTE, 93 


Fibrin 
adequate anticoagulation during cardiopulmonary 
bvpass determined by activated clotting time 
ard appearance of fibrin monomer (Young et 
al, 231 
Filter 
extral -minal or intraluminal inferior vena cava oc- 
mu in pulmonary embolism (Popovsky et 
50 
Flush system. See Infusion system 
Fungus 
monilial esophagitis, increasingly frequent cause 
of esophageal stenosis? (Orringer and Sloan), 
3€4 


Gastrointestinal disorders 
gastroesophageal reflux following gastric operation 
(Henderson), 563 
Gastroplasty 
lesser cirvature tubular gastroplasty with partial 
plication for gastroesophageal reflux, mano- 
mecric and pH-metric postoperative studies 
(Benages et al), 574 
Glutaraldehyde porcine pericardium 
heterologous pericardium for closure of pericardial 
defects (Gallo et al), 149 
Grafts. See also Heart valves; Prosthesis 
graft paiency in coronary bypass surgery (Walters 
and Aneke), 228 | 
heterologous pericardium for closure of pericardial 
defects (Gallo et al), 149 
normal zardiac function with hybrid heart (Los- 
mar. et al), CASE REPORT, 177 
surgical treatment of annuloaortic ectasia with 
composite grafts including homologous dura 
mater valves (Kalil et al), 142 


Hancock valves 
is Hancock porcine valve best cardiac valve sub- 
stitu-e today? (Davila et al), 303 
selectior of cardiac valve substitute (Nelson), 
EDITORIAL, 291 
thrombosis and degeneration of Hancock valves 
(Hetzer et al), 317 
Heart. See lso Congenital heart disease; Coronary 
arteries; Grafts; Heart valves 
delayed »ostoperative cardiac tamponade (Har- 
desty et al), 155 
long-distance transportation of human hearts for 
trans2lantation (Thomas et al), 344 
myocardiam. See also Myocardial infarction 
aspects of myocardial protection (Ebert), EDITO- 
RIAL, 495 
effects of cardioplegic solution on human con- 
tractile element. velocity (Behrendt et al), 
499 
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effects of intermittent ischemic arrest on perfu- 
sion of myocardium supplied by collateral 
coronary arteries (Chitwood et al), 535 
limits of myocardial protection with potassium 
cardioplegia (Scott et al), 507 
reduction of intraoperative myocardial infarc- 
tion by means of exogenous anaerobic sub- 
strate enhancement (Lolley et al), 515 
significance of myocardial preservation and sub- 
clinical myocardial infarction following coro- 
nary bypass (Spencer), EDITORIAL, 197 
pericardium 
heterologous pericardium for closure of pericar- 
dial defects (Gallo et al), 149 
placement of pericardial drainage tube for treat- 
ment of pneumopericardium in neonate (Em- 
ery et al), HOW TO DO IT, 84 
ventricle 
acute effects of aortocoronary bypass surgery on 
left ventricular function and regional myocar- 
dial mechanics (Hagl et al), 548 
appraisal of blood trauma and blood-prosthetic 
interface during left ventricular bypass in calf 
and humans (Bernhard et al), 427 
determinants of long-term survival after ven- 
tricular aneurysmectomy (Cosgrove et al), 
357 
encircling endocardial ventriculotomy, new surgi- 
cal treatment for life-threatening ventricular 
tachycardias resistant to medical treatment 
following myocardial infarction (Guiraudon et 
al), 438 
expanding the horizons of circulatory assistance 
in humans (Bernstein), EDITORIAL, 397 
left ventricular venting during coronary bypass 
operation (Oldham), EDITORIAL, 497 
normal cardiac function with hybrid heart (Los- 
man et al), CASE REPORT, 177 
valved external conduits to pulmonary arteries 
(Donovan), CORRESPONDENCE, 591 
ventricular venting during coronary revasculari- 
zation, assessment of benefit by intraopera- 
tive ventricular function curves (Olinger and 
Bonchek), 525 
Heart valves 
conservative management of prolapsed mitral 
valve (Carpentier et al), 294 
durability of prosthetic heart valves (Clark et al), 
323 
hemodynamic evaluation of Lillehei-Kaster and 
Starr-Edwards prostheses (Pyle et al), 336 
is Hancock porcine valve best cardiac valve sub- 
stitute today? (Davila et al), 303 
late results of operation for acute aortic dissection 
producing aortic insufficiency (Koster et al), 
461 
multiple valve replacemerit, changing status (West 
et al). 32 
normal cardiac function with hybrid heart (Los- 
man et al), CASE REPORT, 177 
poppet jamming during mitral valve replace- 
ment (Browdie et al), CORRESPONDENCE, 592 
selection of cardiac valve substitute (Nelson), 
EDITORIAL, 291 


surgical treatment of annuloaortic ectasia with 
composite grafts including homologous dura 
mater valves (Kalil et al), 142 
thrombosis and degeneration of Hancock valves 
(Hetzer et al), 317 
Hemodynamics 
hemodynamic evaluation of Lillehei-Kaster and 
Starr-Edwards prostheses (Pyle et al), 336 
left main coronary artery stenosis, hemodynamic 
monitoring to reduce mortality (Moore ei al), 
445 
Hemothorax 
acute traumatic hemothorax (Griffith et al), 204 
acute traumatic hemothorax (Symbas), EDITORIAL, 
195 
How to.do it 
combined manometric-pH recording catheter for 
esophageal function tests (Orringer et al), 581 
improved technique of intraaortic balloon inser- 
tion (Merrill et al), 261 
left axillary incision (minithoracotomy) for PDA 
division (Wada et al), 189 
maintenance of permanently implanted cardiac 
pressure catheters in experimental animals 
(Chitwood et al), 485 
Marlex mesh support for correction of very severe 
and recurrent pectus excavatum (Robicsek), 80 
placement of pericardial drainage tube for treat- 
ment of pneumopericardium in neonate (Em- 
ery et al), 84 
simple method for exposing external jugular vein 
for placement of permanent transvenous pac- 
ing catheter electrode (Kemler), 266 
sinus venosus atrial septal defect associated with 
partial anomalous pulmonary venous drainage 
(Lewin et al), 185 
transverse femoral arteriotomy for intraaortic bal- 
loon insertion (Payne et al), 263 
Hunter-Sessions cannula 
evaluation of Hunter-Sessions self-retaining aortic 
cannula (Saxena et al), NOTE, 93 
Hybrid heart 
normal cardiac function with hybrid heart (Los- 
man et al), CASE REPORT, 177 
Hypertrophic subaortic stenosis 
ventricular pseudoaneurysm after transaortic sep- 
tal myotomy for hypertrophic subaortic steno-- 
sis (Spray et-al), CASE REPORT, 269 


Incisions 
extended indications for median sternotomy in pa- 
tients requiring pulmonary resection (Coop- 
er et al), 413 
left axillary incision (minithoracotomy) for PDA 
division (Wada et al), How ro Do IT, 189 
Indomethacin 
operation or indomethacin for premature ductus 
(Edmunds), CURRENT REVIEW, 586. -— 
Infusion system 
infusion of emboli with flush systems (Kayser), 
- CORRESPONDENCE, 591; reply (Gardner et 
al), CORRESPONDENCE, 591 
Ischemia 
effects of intermittent scenic arrest on perfusion 
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Ischemia (continued) 
of myocardium supplied by collateral coronary 
arteries (Chitwood et al), 535 


Lillehei-Kaster valves 
hemodynamic evaluation of Lillehei-Kaster and 
Starr-Edwards prostheses (Pyle et al), 336 
selection of cardiac valve substitute (Nelson), 
EDITORIAL, 291 
' Lung 
acute traumatic hemothorax (Griffith et al), 204 
acute traumatic hemothorax (Symbas), EDITORIAL, 
195 . 
book for lung cancer patients (Carr), CORRE- 
SPONDENCE, 98 
bronchioloalveolar cell carcinoma of lung (Dunn et 
al), 241 
development of practical membrane lung system 
(Helton et al), 54 
experimental evaluation of reexpansion pulmonary 
edema (Sewell et al), 126 
experimental pulmonary edema, effect of positive 
end-expiratory pressure on lung water (Bre- 
denberg et al), 62 
extended indications for median sternotomy in pa- 
tients requiring pulmonary resection (Coop- 
er et al), 413 
extending resectability for carcinoma of lung in 
patients with impaired pulmonary function 
(Peters et al), 250 
needle biopsy of lung (Herman), EDITORIAL, 395 
percutaneous transthoracic aspiration needle bi- 
opsy (Sagel et al), 399 
roentgenographic chest screening in detection and 
survival of patients with lung cancer (Co- 
operative Study Group for Early Detection 
of Lung Cancer in the German Democratic Re- 
public), 406 
surgical management of malignant mesothelioma 
(DeLaria et al), 375 
thoracoscopy, useful tool in diagnosis of thoracic 
disease (Miller and Hatcher), 68 
tree-shaped pulmonary veins in TAPVD (Stark and 
de Leval), CORRESPONDENCE, 97 


Manometry 
combined manometric-pH recording catheter for 
esophageal function tests (Orringer et al), How 
TO DO IT, 581 
lesser curvature tubular gastroplasty with partial 
_ plication for gastroesophageal reflux, mano- 
metric and pH-metric postoperative studies 
(Benages et al), 574 
Marlex: . 
Marlex mesh support for correction of very severe 
‘and recurrent pectus excavatum (Robicsek), 
HOW TO DO IT, 80 
Media, communications 
professional advertising, ground rules for ethical 
relations with communications media (Roe), * 
EDITORIAL, 1 
Membrane lung 
development ‘of practical membrane lung system 
(Helton et al), 54 


Mesothelioma 
surgical management of malignant mesothelioma 
(DeLaria et al), 375 
Minithoracotomy 
left axillary incision (minithoracotomy) for PDA 
division (Wada et al), How To Do IT, 189 
Monilial esophagitis 
monilial esophagitis, increasingly frequent cause 
of esophageal stenosis? (Orringer and Sloan), 
364 . 
Multiple valve 
multiple valve replacement, changing status (West 
et al), 32 
Mustard operation 
early and late results with Mustard operation in 
infancy (Egloff et al), 474 
Myocardial infarction 
encircling endocardial ventriculotomy, new surgi- 
cal.treatment for life-threatening ventricular 
tachycardias resistant to medical treatment 
following myocardial infarction (Guiraudon et 
al), 438 
late sequelae of perioperative myocardial infarc- 
tion (Codd et al), 208 
reduction of intraoperative myocardial infarction 
2y means of exogenous anaerobic substrate 
enhancement (Lolley et al), 515 
significance of myocardial preservation and sub- 
clinical myocardial infarction following coro- 
nary bypass (Spencer), EDITORIAL, 197 
Myocardial protection. See Heart, myocardium 
Myotomy, transaortic 
ventricular pseudoaneurysm after transaortic sep- 
tal myotomy for hypertrophic subaortic ste- 
nosis (Spray et al), CASE REPORT, 269 


Open-heart surgery. See also Cardiopulmonary by- 
pass 
autotransfusion following open-heart surgery 
(Parker and West), 559 
heterologous pericardium for closure of pericardial 
defects (Gallo et al), 149 
Oxygenators 
development of practical membrane lung system 
(Helton et al), 54 


Pacemakers 
intraoperative pacemaker electrical testing (Cal- 
vin), 165 
pacing at very short pulse width (Tobias), 27 
simple method for exposing external jugular vein 
for placement of permanent transvenous pac- 
ing catheter electrode (Kemler), How TO Do IT, 
266 
Partial anomalous pulmonary venous drainage 
sinus venosus atrial septal defect associated with 
partial anomalous pulmonary venous drainage 
(Lewin et al), How To po IT, 185 
Patent ductus arteriosus 
left axillary incision (minithoracotomy) for PDA 
division (Wada et al), How To Do IT, 189 
operation or indomethacin for premature ductus 
(Edmunds), CURRENT REVIEW, 586 
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PDA ligation in newborn ICU (Jennings et al), 
CORRESPONDENCE, 97; reply, (Oxnard et al), 
CORRESPONDENCE, 97 

Pectus excavatum 

correction of pectus excavatum without.prostheses 
or splints, objective measurement of severity 
and management of asymmetrical deformities 
(Haller et al), 73 

Marlex mesh support for correction of very severe 
and recurrent pectus excavatum (Robicsek), 
HOW TO DO IT, 80 

Perfusion, subendocardial 

effects of pulsatile assistance and nonpulsatile flow 
on subendocardial perfusion during car- 
diopulmonary bypass (Steed et al), 133 

Pericardiocentesis 

delayed postoperative cardiac tamponade (Har- 

desty et al), 155 
Pericardium. See Heart, pericardium 
Pleura 

acute traumatic hemothorax (Griffith et al), 204 

acute traumatic hemothorax (5ymbas), EDITORIAL, 
195 

surgical management of malignant mesothelioma 
(DeLaria et al), 375 

Pneumopericardium. See Heart, pericardium 
Pneumothorax 

experimental evaluation of reexpansion pulmonary 

edema (Sewell et al), 126 
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